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A _;UZZRZCAL SOLUT:C:I FOR THE MiNI_:UM I_DUCED

DRAG_ #:iD THE CORRZSPJ:_DING LOADING, OF NONPLAIL_R

WINGS USER'S '_" _'..... "_- _,,LXbmL FOR CO;_Pu,_R PROGRA;V_55VD

by g. L. Lundry

The ....,_cuonn_i] Douglas Corporation

A numerical procedure h_s beer, developed for tile ac_ur_......... c_,,,uu_-':--
tion of the minimum induced orag -_nd the associated load distribution
of nonplanar wings. As is well kr,own_ the mlniT,:_,-,-_ induced drag may be
determined by analyzing a potential problem in the Trefftz plane. The
procedure solves the potential problem in _n auxiliary mapping plane
related to the physical pi-_r,e by -L'ne Schwarz-Christoffe_ transfor;:,_tio:q
for configurations with front views that may be approximLted by streight
line segments. Previously, the main coT.,_putatlonal difficulty had been
the determination of the mapping constants. The procedure p i^_se_A,_=_
here offers a choice of two methods to determine these constants, gy
means of the electrostatic analogy Co potential flow, ti_,e mapping con-
stants can be measured with a sm_ll experimental error with an ana!og
field plotter. The mapping, derivative is then integrated r, umericaily,
and the constants are adjusted i'ceratively until the desired geometry is
achieved to high order of accuracy.

Alternatively, the mapping constants can be dete,_ined without
resort to analog experiment by evaiuating _hem for a series of geometri-
cally related configurations that ends with the desired configuracicn.
The mapping constants for each member of the series are used as the
equivalent of experimental values for the next _,',ember of the series,
whose mapping constants in turn can then be determined with the iteration
scheme employed in the experimental method. ",,_,e series starts with t::_
monoplane degenerate equivalent of the desired configuration_ for v,'?,ich
the mapping constants are known. This procedure is successful if each
member of the series differs geome'cric_lly from i-cs neighbors by a sm_]l
amount.

Once the _._'" the minimum induced drag andCO_,Suc_,uS are ,\_,u. ,_,

the associated ]o_ding are c,,e_e_,,_nea By quadrature.

The procedure has'been applied to seven nonp]_nar lifting configu-
rations, resulting in the development of Computer Program 55VD in the
FORTRAN IV language for use on an IB_ 7094. Program 55VD has been con-
verted to FORTRAN 2.0 for use on the Langley Research Center's CDC 6000
series digital computers. This report is a user's manual for the FORTRAN
2.0 version of Program 55VD.
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_.:u;_k's Theory

,, r,_:e,_,,ce l, k developed a theory for the minimum induced
d,-eg_ _i,d ti_e kssoci_ted ioadi,,_g, of erbitrary l "-_'-_l_,ng configurations.
,-,_i ic_dincs are ass ....._ ..... ,_, _, so -chat veioclty perturbations &re small
L:;_J t,.e vortex :.,'ki.:e in _he TreffCz siane may be assumed undistorted. The
iokdii-;gs c_t, be projected on-co a plane normal to the free-stream velocity
t:-_:,.ou_ cnan_ng L_-_e_uced draq of _cne l'_'ng system (Stagger Theor '_)!i_l _ ....

,..... ,,, s cr!cer!on Tar mlni;.um induced drag is iiius:rated in Figure i, and
_,_.,u_res _:,_ _,,,_u_ veloc_-cy normal _o the projected loadings _o be pro-
:o_'tior, c.! to -c;_e cosine of the _g_,e of lateral inclination of _he pro-
_u_ loud-;rigs. ,',;L_:_x.urther demcnstrales that the loading to satisfy
_L_.is cricerion car, me four, d by solving a po_e,,_al flow problem about ,_he
,,va:<e in the Treff:z _iene, in which the undisturbed flow is parallel to
cl;e do;.:.v:_sh. Ti_e required -;cadi.g is locally proportional to the po-_en-
_,_ ciT.erence across _:.e _,,_,,.u _r,d is normal to the wake.

_cp_ca_ions oi-,,U,,K S Theory

Xunk applied isiS theory to the monoplane, and obtained ti_e classic
resu_,_ that a conscant do',,,_.;,:asls across Lke span proSuces 1_,e minimum in-
c_uced drag
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_/,C "s ci"e_. , by an eil.;_,_'_- L;_÷'--_ribut_,on" of load. in References 2-5,
Z,i_,,,_..'s _i-,eory is ap,sliea anziy-cicaily to nonplanar configurations con-
s.s-_in_; eis:',er of co::,a:,_:acions of a monoolane with vertical fences or a

•.-,.:C ,.-_,-: }_r-c-s_&,; or -_-u. ;-s-]&,-i c_r, eGr&l. Tr_ Reference 7, the electro-
.. ....... . ,_icc_y co uo_ez_-,_, 7,o,v is exsox, ted to determine experimenta ly
._sn¢'s c,'_c S_:sTy ,,,u,_,:<:s Cr_,_:__, _On for complex nonplanar lifting con-
.... _._ c/,_; _.,_ ---c &__ cr, e :;,ini;._ur,] induced dr_g are then evaluated
_.z-:_e:.-ic_!,j. _._,-or-c_:.z_e,v., _ne ,su_,_er'c&i results of this conceptually
.... _ __ ::_nad c_r. ccncc;,*, s_saifica:s-c errors, as shown by Reference 8.
" .:_;_O,-,C_ _; SO. VeS _;l_ .... _'_"-_--']•._ _ o..... L,_, proaiam in an auxiliary mapping plane
._ _cc co _.e c_.: ,,r_,_z) p:ane 5y _,,e Schwarz-Christoffel trans-
•.: r,.;:_,on -:-o;o con,:,]_r_:ions ;,,,i-L;,- fro.-c views that may be approximated
-/ scraic_ht i;_e _e,,_:_,:_s. Previous.y_ :,-',e main computational difficulty
.-_;. c,]Is L,s!}roas,..&c _ee;: t_e cc-_er;_in_on c-, -s,.-,e ,,:_pplng car, st&hrS.
_ :,,_:;"_s o. :ze e:cc-c-_os:c&-4ic ar,_]ocjy _o poce_-,_ia! flcw_ the mapping con-
_/._s ca;- se :,;eLs_;'_c :,,"_"_:. a s_&ll experimen;a! error with an analog
,,_,-.__ ; asia; _. ..._ .... _,ur,,,_.on cerlvatlve is -c,.,s_n integra_ced nu,,meri-
_., L_ -,_. _,_ COF,b_L_u _,,_e _dju_ed i_eratiw:y u,_]_ the cesired
0_ .... _,_,,_,_s, o_-_i;-;_ _s -.:_!_ oraer of ..ccuracy. Or,,ce the mao_ing,, con-
-_.;,cs .._e ,<?.3',,,r, , c;:e ,.,,.....'.,u,-:! i_,_-cua crag uc_u;-m,ned by cuad,%cure.,
,\ d":ical come,user p,^o.s'ram _,.,,us required _o ostain the numerical results
o.- ,_eTurence S for Configu .... _.-_,_,_;,s i-5 of _isis report.
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dyr.z.-.i c pressure

co;:.plcx wri_slc i;_ -Ci._ real plane

dii:edrai angle in degrees

cu,@,ex wriable in the -auxiliary plane

nondimensional semispan coordinate

ANALYSIS

i;.e .Dc_sic -cr,mory for _-h_ " "_,._ r,,_nimum induced drag of nonplanar lifting
co:_,figuratiop, s is given in Reference ! and is described in the iNTRODUC-
-/10;'.. A :)otep.tiui problem is formulated about-the vortex w_ke in the
,-refftz plane. 3y the m_..... ou of Reference 8, the p'_,_,_em is analyzed

• , _ _ o,-;.ti,memca!iy _,n an auxi-_ary, m_pp_,ng oi_n_ _y rr_eans _he Schwarz-
C#_ssoffei zransTur.:,_on, r, '_-+ the constants of un_ Sc.-.w&rz-
u_ _stoffel mzpping must be determined. The minimum inducec Jrag can
=r,en _e obSs!:._d by eu_raLure in -L!_,e form k. Finally, -_r.e required
7ozd aistribution c_n be obtained by interpolation. The seven general
configurations sketched in Figure 2 are analyzed by Computer Progr_._
55VD.

The " _' _-,,,,_;_p,,,_ Constants

Two mecnoo_ to cezerrr._ne cne mamo,ng constants have been included
in progra,_ 55VD and are described here.

'_- _er_ve correction. This method isElectrost.-:.tic L:s,:.i,..",,av.,",_._ i ....... "

cLve!oped in r,c,_,_,:cu o. Uy n;eans of the electrostatic analogy to po-
_,,ti_i f_cv_, -_ne ,,_,,ing _._ --_ +-.... . , " n...... , .... s_n_s c_n ae measured experimentally with
or, analog field piotter_ sucp, as _i-_e one used by the author of Reference

.?_e ............. ,..... _ur_a values of po-cent_,_i contain experimental errors ai-_d
are corrected by a__ itera.=ive scheme that will be explained for Configu-
ration 5 _s an exar..p!e. Figure 3 shoves _he Trefftz plane (also called
real or physic&i plane) _nd the aLixiliary mapping plane for Configuration
5. Tr,e Sci_warz-Chriszoffe! transformation between these planes is

r £

k_,__

,-. - =. , ({ - f)
g)

(2)

Givcn _ exper_.._,,_l values of potential a, . , , g, the geometry in
Lr, e physical plane is ewlua_ed by numerically integrating Equation (2';.



For example, the length A3 is

AB =

b

/dzzB - zA = dr.
a

(s)

Each of the distances '_A_, BC, CD, DE_ EF, and FG can be evaluated in
' . n _egr_b L_this wey, and each of the _ntegrals has eiti_er one or two i ......

singularities at the end or ends of the integration interval. If an
integral has two singularities, it is evaluated in two parts of equal
range so that each numerical integral has at most one singularity.
For example, the integral for the length A-{has two singularities,
and is evaluated as

½(a+b) b

--j£ dz +/AB _ d_ dz d:
a ½(a+b)

(4)

The first integral is singular at a in the form

½( a+b )

/ z(_)
d_

and can be rewritten in the standard way as

½(a+b) ½(a+b)

/ Z(_)- Z(a) d_ + Z(a) /
a (_ - a)½ a

(_ - a) ½
d_

(5)

½(a+b) ½

Z(_____)- Z(a) d_ + 2Z(a) [½(b - a)]
(_ - a)½

(6)

The integrand [Z(_) - Z(a)]/[_ - a] ½ is evaluated at up to fifty points
on the integration interval that are spaced more closely near the singularity,
and a modified Simpson rule is used to perform the quadrature.

In the example of Configuration 5, the mapping deriwtive contains
• _ ntseven unknown constants. Six of these constants are _naepe,_e (one must



,:,._ _,::ec _.o .-;..: a _-c:ir::te _r:_,h] and detem_ine,, the six lengths
,-,_ _. u_'_ ___:: :,-, a::d r_ in Eiaure_ 3. For practical reasons, the

..... '_ ';'-_-- v_ues o;- tLe ',_,apo!p,g constants are scaled linearly before
_ _,' re _,,e geometry in the real plane, this linear..... , a used to evalu&Le ÷_
sc_lir, g changes only ti_e _bsolute scale in the real plane, is equivalent
to Pixing one of t,e six independent m_pping constants, and, for Confi_u-
r:tior. 5, is defi_,zd by se;'cing b = 0 and e = I. Five of the unknown
m_pping constancs are used as the independent variables in a linear
,_u;_c._ sc,;_::,e that is designe_ to fy _re ves_,s f_ required geometry

C_n_ _,OPIS :

i) Ti_e fence mus-L close (3-C = C-'J).

_ _,e ,n_o_i_ wing mus_ close (_ = FG)

3) The outboard v:ir, g must close (%-2-= E-#).

4) The fer, ce must have tLe proper length (,S_ = z[_+ D_ cos r]).

s) T_e = .... ' '_:_,_e must nave _,,e proper semispan location (KB-= n[K_ +
-_-__ cos :]).

_ne i_;iti_i va:ues of _ne u,,,,,_uw, :,apping constants are measured experl
,,.c,_ily w_-:i_ an _na',_s _c _:o-;cer. The corrections to the mapping

constant _pj are computed from

- sCi - spj APJ (7)

',,Iz:ei_1 ,_0 i iS the error i,_ Ci , Zne ,-_n geometry requirement. The 5x5
correction matrix oui/3i_- is ev&iu_t_G num_rica _y by pertu, bing •
_,,_::,_,j, s_,,n_ _e po-cen-_l& s, rF necessary, ano calculating tne ri-

-=', _ _,,o_on Ci varies ; iquar_y with PJr_ For Configuration 5, theooger,:_;s a, b, d_ e, _;,G g ;,'ere selected f the seven unknown values
of DotenLi_; &s the independen: variables for the iteration. This simple
i -_ ....÷:_,_ scheme converges r&pi-*;c,y for properly chosen independent vari-
asles. For some of tr, e seven configurations, the set of mapping constants
selected initially as inde_ender, t variables did not give convergence, and
o:her sets were chosen. However, convergence of the iteration scheme has
aeen _,, eved ,--or each of the sever, configurations considered to date.

C_.:ccessi,,_,_ _--_utlop._ so:: _,;_:_,,,_.,Re,_r_nce,__, 9 proposed the development of
a s-ccess.ve soi_-:ion schez:_e to -;_ ....... - _-'_ ..... ne une unknown constants of the

Sch',,'arz-unr_s-co-r:el mampinq v'iti_out resort _o electrostatic analog experi-
r,;en-:s. Tr.e mapping constL;h_s are deten-nined for a series of geometrically
:e!ated configurations -Lha_ ends with Zhe desired configuration. The final
values of Che mapping cons-ants for each member of the series are used as

, ,_'_&i ,.,'_ues TOr t_:e next _" k_-.... m_t of the series, whose mappi.; constants
,n _:'i-. can tnun be determinec with the iteration scheme developed for the

electrostatic analog method. The series is started with the monoplane
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Qr_ iis gen -':v SUCCQSSFUl .f eacP, ;:;e;,_ser of _;_,e series differs geometrically
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Overall Logic of Program 55VD

Fig_,re 4 shows tile overall logical flow of ComputerProgral._55VD.
in seve,_: of tile subroutines, inte,,,4_., loalc is used to transfer to
co_ng assoclatcd w_'cn the specific cu;,,_gur_,on being considered;
_ch ]o_i¢ is not included in Figure 4. Basically, Program 55VD ¢al-
c"_a_es just ti_ree types of _ ,,_÷ "_. r_s_._s. First, I_ computes the mapping
constants of ....._r,e Schv;arz-Chris_offel :ransformation_ either by the
,.;_.;,_c _, eiec-._ros_a_ic anal ..... _-I_ _.... _" ...... "_ by_s ,_,_. i_,a-;ve cu. rec_un, or the
s_ccessive solution sche_r.e. The program then computes the induced
drag efficiency parameter _." Finally, it computes the loading re-
_red.... to give the minimum induced cr_'_.

"'_ 'Ope "u_ ant ratlon of Program 55V3

__.,='-,_,'-:-,_Data. The input data for Program 55VD are specified by
ei_:..er _our d_ta cards or c;_:o' d_ta cards, depending on whether the pro-

.......... p_ the Sch;,'arz-Christoffei mapping constants by the e_,ectro -
s_,c aiq&-og iT.e_r,od (_c., _-'-_ . _, _'_ _, ,_,,, o._e'ra¢ion ,,ou_ = ;) or by _he successive

" ' 'J _gram operation mo_ = 2), respectively. The formatsolu:ion _cne:;_e.,
_:" ' " " , _,_d ,n Figure 5. The first.oF _,_ four ca-_a l_out cards is il_us _........

c_rd is required for each caseand contains four integer numbers. The
_,._cs_r ,n card column 2 is an execu_,on cer;,:ir.atior, fla_, is 0 if
¢: _r c_o_ fol _:o'.', anm......,s _ _,- _ne_ cas_ is :he las_- to be executed.
,,,e i;.ceger _n _ar_ autumn 4 _s %he pro:jrc,,_ o_era_on moce, and is ]
or 2. ;_ie _._eger in c_,_ co _;.;n _ is the _,_ :.gura_-,_,, r,_m_er cortes-
" o_di,,g "co ...... -._., - _n_ _u',;:oers g_ven n Figure 2. lne in'ceger i,_ card columns
9 and 18 is t?,e number of ordinates it. each of the Simpson rule numerical
,;,tegrations for eithe .......... drag an can, ucom_ry _." d vary from _J _o 50.

?he second _ _-rd_,,_ ,,],_, data inou= cards are required only if the
7ro_ram o_eration node is i. These tv;o cards specify the initial values
.... _,_ S_n.,:_rz-gnr_stoffel n;:?ping co,qsc_nts and contain 6 to 9 real
;at:at,bars deoendinq on which o-i: the seven .... _,, _c_,::_ ;u_ra_.ons of Figure 2 is
_"ing analyzed. :base initial va.ues ar_ scaled linearly by the pro-

_,_ ,, procram operation mode is 2)
.... . . -

ssec:-,-_es _r,_ .Seo_:;e:'.'y " --'-- reai _iane. u:_m 3 to 5 real numbers

_,_ s_ec:,-.e_ _,, or,, car_. lam;e - ceflnes :ne values required on
" .... _a_,ons Note that dummy in-_..,_ c&:_6 -,:or e&ch of -LLe seven co.-.---ig.u .... .
pu_c is required for so;,,e of -'-_ne con-,-_gur_,_ons.

Card co_;;:._s 51-80 are not _-' th._,_ on any of e four input data
cards. Ti;ese 30 _'c_,_ columns may _e used for deck sequencing and deck
iden:ifica_ion.

©
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_- , ...... • ......... . , ._
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C&S.a _ CSS_,.' u, _-,_J.,CP::S&, dS.£& ] ....... " : -_ -_,---x -- ..... --_ : •

SL::_.:_ 0,- _.:-,L: CL'J.:'_ u,_-: LF:L i..OCc.,.,_F;. -;7 i:iTiS c,,c.;.;aie_ "C;Te i:era-Lion co:',-
' .c;" .-i-:e 7Gsc -p,e o: _:;:_ ouL:su-L _;,_ resu _s'.LFo3S CL, -__d ,'c.} . , _, Fc _ c_Ub .........

__c .__. -.:.__ .......... . .... ;Ob'C Vc,_L;_ OV c, rOF 6;i,S CaS_, _Re

,_:_ '.F,c ';b :, c_;7 ;;--: : _.... _,;c"- 1;i_. -,';;.::]3d:i &J.O ;J &DOVJ_ iZ b_l_" 0_,.' %t__ IGS

:;,,c _, _:_ ,_:..,u,u;, su:;.:.-,-,_,r'/ca-ca c;-;e t_:TL7 va:ues OT tr, e mapping ccn-

-g,7_.S_CO; C 5_ oe O. GL;S3U_ CSSCF,: ................... c "" ' _;,u , _R&]

v: ......._:es _-_: _:._ ;:-.::;ss: r,g c o;7-:: u, -Ls , civas tLe :Tu;::erica] resu:L for ghe in-
duced d,_b-' ',;_b,_,,,..... -._:_ &:,d --yes _r.e' ;,,,,,,:,_;:_--_" _;qcuceG"' ' u,"_--'_so&rar:.e_er K



Tke third page of output i;_ Figure 6 specifies the ioadl;_g required
to procuce L_:e ;_:ini;_._;., induced drag. The ratio of the gross load on the
py.ap, or fe;;ce to the gross lift on the v,!r._ semispan is given first.
-,-i_en_ t&bular d&-_ specify ti;e required !o_ding on both wing and pylon;
for both surfaces, the local loading is nondlmensionalized with respect
to gross surface io&d. The elliptical span loading is also given for
ale wing. The outpu_ for each of the seven configurations follows this
basic form.

Tr.e ex&;_p-_e of rlgure 6 snuv, S the .-arm of output from Program 55VD
'_/4en it is operaceo in mode i. If the operation mode is 2, tile unscaled
_._ scaled mapping constants are not given on the first page of output.
,;t_ subsequent p=_ges or outpuL describe the solution for each member of
_ite series of co_;figurations chat are ana.iyzed to arrive at the final
configuration. Wi_h one exception, the output for each member of the
series has the same form as -the output when the program is operated in
made _ The ' _" _,. excep_lo,, is the Information on the first page of mode l
outpL, t_ which is given in abbreviated form only for the first member of
she series.

For so_;;e cases_ more icer&_ior, su_-_m.ary data may be given than in
Lhe excr@le of Figure 6. if -the convergence rate of the iteration is
r, ot sufficiently rapid, Program 55VD computes, prints_ and uses a new
correction matrix sCi/Sp#. T'ae format of each correction matrix is
fixed. As m&:_y as four of these matrices may be computed and printed
for a given case. --ach matrix is printed just above the first line of
i_er_:--ion summary da.ca that results from its use.

Error ;.!ess&c_es. Progr&m 55VD may print out one or more of several
_y_es of error ,,_s_y_ T?,e i ....• ,,,_u_ a_a is tested for validi-_y by
_._routine , ,D,_£CK which pr]n-cs ap,oropria_e error messages and possibly
terminates execution of a case. The subroutine terminates execution of
C;se case if: the cop.figuration number is less than l or greater than 7;
-_iqe program operation mode parameter is n_ither l nor 2; the magnitude
of c,ie c;,qeo_a.i _J,g:e is "=="--_ " "g _.... Lh_n 90 degrees for configurations 5
_:-d 6; ti,e inboarc spar, st&tior, is specified outboard of the outboard
sp_n s_ac_on for cor_;-_gurat:ons _9, 4, 6, or 7; or _n_ i n_u_ values of
ale _;.&ooir_g constants are ,not monotonically increasing as required by
Lhe theory. Subrouti_e DAT,\CK _ ._-_-_ ,_so t_o_ the inout number of ordinates
For e&ch o-, _he numerical ir,_egrais, if th_s number is less than lO, it
_s s_ co ,0; _'=__-,_ _'s grea_er ......._n_, 50, _ -_s se_ to 50. If one of these
eve,_s occurs, a message is printed co indicate the change.

....... ,_,_s._:,, can prin_ on;y _,;e _ype of error mess_g=. If the
.... d_r,,_,ne the mapping con-s-_ccess_ve solu_ion scheme is being usea co _<-_'_"

s_an_s (srogr_m operation rr,oae 2)_ exeeu"cion of a case is terminated
&;,.a _ message is u: _cd ',..,hen .......... _ ....... -. s,,_.s., _ _ value of e exceeds an
-_rb-_t _ _'_y specifled _• . .... v_,ue of O.Ol tar any configuration in the series.
_'.... ; "_ ' ' les_. This test is,,_ _,_ _ne final v_lue of e is also the smai _

inciuced because the fin__ values of the mapping constants are not very
v.'el] known if e is large, and they will not likely serve adequately
ks ,n_a, values for she next member of She series of configurations.
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,_ ..... _,u for division _y zero _;._:
for overf] o',.:/ur,de'_-_=o'..,'. T_ C._ ........... _-:_
"",_p,_,rrLed "'_,_.... _,s_,_cos-" ........ a ] ou_,......b'on, _ deist] TI cael op, nu;l,beY. These _es _s

a'"e, made for each c_se just before . ',.,_._nout., data is read <,-,,,,_just be-
fore apd jus- ....... t:_e _ ...... _o,,_..,_, _T_c, ,cera:_on t:,_t ce_erm_nes the mapping cons _-_

_r Li_a .... ........... ca':cum_ted, _,d uft;er _he ]oeding has been c_]
' "=_ c_ti ....... '...... .ca]c:ed. The icen_.,_ un ,..... _crs for these tests _ ], 2:. 3, L and 5,

respectively. Pragr&;_, execu-_.o:-_ _u,,_]_,ues'_ el--Let-"_-_,,_ message is" v;r.:cen.

provls,on................rot _r, c,,u. ;;:ess_ce i_- o_:a o.- -them is ca_]ed_ ',./_th" at.. i;-;"_:id_,

" : ......... : error....... _,,', _h "-_,. _- _ _,,_ .... ,. ih_s type o, occurs only ' -

×aCU _] 0,', Of & CaSe.

T'i:2Sg&{.]a if ......O,:C Cd,'A.S;"i '....... '.." iL:eS" ,S,v" g,,o ......;,,-...,,.,:, ;.g CC,_o............ ",.,.b.... c;;._"......;,0_ ,,,_.,'..... -,.,-

t_,:-: Ca. " .............. " , _,. , c_ _P,c,_,_._.:am_2g v,,;_:L :kc su_:'_._,r..:s &re cL;,_,ea &s ..... ::i _ " .", "'
_d

•.... r'j. "-:_: _ - ....... ........ - _a, ,,,,,, eXCEL,-_,,c_ ,;,,_ error is r&re_y c.,_uun_ci"eu _.,,u does no_ ....... :_ate
_,0;] 07 _ C&SU.

Subro_-. -.. . ....._,_e ,_,V.-RT prqn-s &i_ errc'r m_=<o--,c_ it the correction _,&or_x

°_/"_" is sin_u:&r. _ ....... :_ -:_- "_F,e_^_,on of _,,_ c&su continues after -' ,,,_r'_cs&ge
1S _] vat,.

SubroJ .......... - _ ' "" - -

_.,_,_.L. 8xcoecs -0. :-'_-S,_,_ i,:2SS._c .S r&ro;y s@e_ s:;_ce & co:Eputl,'i,,_

;:::.c:qi.e r,_,:fu,.:c_cio;q is r.,ecess:_ry to :srogcce it. Execution of :he case
cs;-,_cl;,uus _-,:ter ti:e message .s give:,.

_dO;%u_'''* :--'_:, -_":-- 5 .... :":S _,,.... 0:_1"0'. '_ ;T:aSS&ga <=_!" tl;:ia £1_.,,e -'_ge,'_-_&-_,

_',_;, ",-_;_ ;O#G';L_ "IS _,;:s_ _''c_cc'c" " _" ..... "-" _ -"

.........:._"-:S.... i_,c-u_d_' ........ _;_c v&]_;d_ o,-" gaver&_ :sLrL,..aters fro::: sqbroutir.e ......_n_LmP

_.:&C &]c ,_, (-3:e?/:r;T;i'_.iu '-"_u_ re_t_s^ ,c, _ iRL]OTL)O;. &_dS_"_ T&.".ure. TP, is

....... s_ ]s see:. -rreqLe:-,c;v i --_ ........ o:-_ c;-;e _L,.] ,_ary :-"ng ut'-Faces
hs',:e very s;::_:, -eriC:ks or -:f.... e is ..........._ ,_u' .... to _- sn;al_ wlue' by

.... " " .... ._:u_s _T_=r _;,,_ :::":'-:-'-' is given._.U,.;O,. 07 "gF,,: _._.be COE,.: ..... -" ..... _ " ,,,_.._._,_,_

:;:e se:-.;iss&:':_ - _ is 5,_.,-_c,; _._--?ar_- of a;'. error message. Execu-clon is
i',ct :qx.-Lcd by t;.is :-"-w,_ c:-- _...........,u,.

2rsf!:,-&:_. O'/2F:L/,'.' C:_:.b",!tv. Cc::,:_ute: _ Program 55VD does not require
.i._ :se of OTrZRLM' 0;: -a C:.S 6OOS ser-:es co;,Louter or on a :SH 7094. _,;ever-
-_i._:ess, Pres.,r._.;.: gg_.'D :._s been v'ri'_ten to exp.oit the FORTR£,_ OVERLAY
,-eature if i: shouid beco:-,e either necessary or desirable to do so.
/-Cure 7 presengs a.. O',;E,_LAY scructL:re for Prodram 55VD that saves con-
s!dar_s'a core sSorace_ yes does not require excessive transfer of .arge
susroucines i;.to core storage.



Accuracy of Program 55VDOutput

The accuracy' ov- Program 55V3 output can be expressed in terms of
errors in the raquired geometry conditions Ci, errors in the value of
t<, a,,a errors _r, the loading recurred to produce minimuminduced drag.
These errors arise from two sources. First, the integrals for induced
drag and for distances in the pi-_ysiCalplane are evaluated numerically
,,_!%ha modqi_iQd_im_o;-_ _'u]u _ubrau'tinm tl_l; u_ in_r_] rffoUblmpre-
cision aritiln, etic to improve accuracy. Nevertheless, Simpson rule
q_adrature provides exact results only if the function being integrated
is a po'_y,,u,,,l_'aiof thi _,udegree or less. The numerical integrals evalu-
ated by Program 55VD have smooth integrands, but the integrands are not
r nwo;yr, omials of third degree or less; thus the numerical integration

,,.,onuses a small error into une _ntegrals evaluated by Program 55VD.

TLe second source of error results from the arithmetic impossibility
of reducing the "__'bi tO zero by iteration. Program 55VD nominally con-
wi;;ues tl.e iueration to _eter:nine the .... _ " -r,;_u:.,ng constants untll e <3xlO -8.
TLis limiting value of e can be compare5 with the semispans of the
s_ven configurations which are of the order of l for typical cases. The
[}aoping cgnstants usually vary only in the eighth significant digit as
e _. 3x]O -° from above, providing some indication that they are known to
the order of _v-_ _f cr.e effects of t:.e f_rst source of error are not

considerec. Both k a_d the required loading are proportional to the
÷_ ti ,_s i nsquare root of quan_, . li _,,=_,.... the mapDinq, constants. Errors in k

-ar;d i',-, -_he requireci loading shout, el t.erefore be of the order of lO -_,.
_gain ',_i-_i_out considering _he ef.ects of the first type of error.

.... "yzed ,.,4-- ?roqram _"_ _ --A series oT cases "_re,,. c_,,,_. _:, _,,v for _o_,__gura-
tlons ,-7 so z,:_s es.,;:',ases coL; _ be rns.e of .he nuL-,,erical errors in k

• ,,,l.... ]:lGUCdd drag .... a_;y,_,.,_ ,., _,i_ Oc:L._g rdc _ _, _ _, _ ..... _: ,,,_, ,--_m_

_.',e ._. _.b ...... _, ,-o',_ _..... CGr,V. ..... ,',_OL_ :,_ve been the cegene'ra_e

,-..u_c_: ,, ..... ....e"_"_ ...._ ..... ,¢ , ..... _..... ;:_ o. Program 5#'.'3
%& F-S __.;_ ',',, ,_:,q........ . ........ , L, CO:',.... _-: ......

..... _ ..... ;,_ , :,:_ .'c.. ._,-,e :,_ L .... s prob_ _s c.u-

_.s .,5;_L;._.;,,..4..4..,_' __JU:F,; o._,-,.. . ._. .......,_.,_c ,cr,,_iO,_ to _0 -a SemiS_&F,S,

.......... ; ........... C, _-I _]'.'C: I .. i_ ............. -,- -.3 -s. Figure 8 preset:us
": .i'S-,3.q 3;: ".;;_ ,,_ ..... c ....... _:_..'_Y.-, 'O._'_F..L 3S _F, eccF, OT Z;_,e

"J_.,,;_ ;,c_,'_" _,j -'._cpc&s,r,_ _,,_ ,,_.._oa:_ of ...........,, ..b, c._, or, o'rdir, aL_:s fro,'],
- - . ..... z .
....... O_ ,, _c ,..... T, C,'C.,,_.._:, _,:,e _;_T'OF ,.. "_S O-,"_ _,ie

c,'cer of 13 -_ or s;u_,;e, .,_ u ....... :,c ' cu,,_,:;_,,_._oi_s, a,t,.ougn
"L;,,.:cF_ors i _ " = .......... .., c.................... 7 are s.u:: fic_;._ly i_rg_r

Table .'i prcse:.-cs a co;.:p_:_;sen of e;ilptical span loading with the
!o-L:dl;.g deter,:,,,.cd bS_ ?roora:,; 55V_ fo'r C.cr,,=ig_rauion I as a near-mo,-,_-
:,,_.e. ,:,_ max:_;;um ioac_ng e,;u:, is o_- she o,.u, of lO -4 wich Zhe

exception of a single point near _he wing _ip. 7i]ese results for Con-
figur:_tion i are typical of results obtained for the other configurations,
it, eluding the loss of accuracy near ghe wing tip.
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Comparisonof L.] '_+_-1_ J_,_, c...... Lo_,,_g'-'_Xi,. _a_:, th Program 55VS

Loading ,-or a ,_e_r-.onop one

n = 0.60

Con;_"gurati on l
Z : lO -5 50 integr_tion Ordinates

Sos,;, Sta-ci on _c .... -5' D

.s ] 273 2466

0.lGl62769 , 1.265 655]

0.205607_0 '. -, 245 '_'_-_• L, JOU

0.30235275 '_._.9]36385
r

0.40373232 ".1_6 5275

7 '-,-D ,'..... _,29920 , ]O] ,:o:

0.60000000 i.01;3 5892

_-' * O. o_,o'_"-- 50 _,

..... O

0.235 5853

0.]64 $2;'....

.070 ao....i_

0.003 0029

• G_DJ ; _Uv

0._32)'3546

_ ,s7844

0.9984534]

0.99589_99
d

2]iiptlc_]
Span Loading

].273 2395

1.266 6473

].246 0350

1.213 6469

1.166 5356

_.]0] 7578

i.0 _ _O

0.$95 "' ....

0 753 .... -", 0030

.... -,c,7o

3.235 ....oo_o

0.i64 S_4]

0.070 6689

0.000 00J0

L.;;iCa-CiOi.S of - ..... _'._

" - .... _ .-cers,_s for --' " ur,,.:.o,,.:r.& ht;_,-,e'ric&i u..sC.'i ............ ' :-,._.,_ ;., _.,,_= CO:',V_,'_L_J, C9 6,: "J.]<3 " "-'Olh _Ac

_;i,c Yc uL, C-

,-"' = = -_ .... --3 '-'......... "............ +_" '_'_>'_': _ /8p4 de-

EL,,;_cF_CS,] iy S,% ]ucuu- Oi.CG FOF ecCS UCbd; -CY;_. SZS,RC&TG T;.C +_._._" O? G_OV_SL_

......... - - ...... ' ..... _, :o'r_, tha_ LLe i:e'ra._ion ',,;_;_

converge for any Given cs,se. _r, oractlce; t;;e greac n,a#oricy of cases do
_,_%_ izer_;or, s -c,,.s,c converga. " "...... '- e.ectrostatic .... log is used to
o_-cs,_n_n,z-_al esti;-.:a-ces of cr, e ::w.oo-: _ ccnsLants (pro..sr_m ?-. .... _"
::nOte' = ]_", con,,ercence_ h_s" been os_s,:r, ed for nearly every cs,se th __ hs,s
been run. _,'ihen the successive s_u-s_on scb, er, e (program ope, a_un mode =

2) is used _o du_,,,,ne ,.,_ m,app_.ng cor.stants_ rise iteration fasls

-<



--"..... uent!y for cases having one or both of two n_ ,_ ".... ; _o,,_ _rl o characteris-
tics. The first of these characteristics applies only to Configura-
tions l, 2, 4, 5, and 6, and sl,,,_ly involves placing a vertical fence
near "the configuration center!ine (n sm-_ll). The crossflow velocities
are small in this region, so that potential differences between ends
of the fence so located are also small. Convergence of the iteration
for the mapping constants is generally weakened in such cases -fre-
quently to the point of fai]_re.

ihe second _"geome_,ic c!laracteristic for v;h_,ch the iteration fre-
quer.tiy fails when ti_e program opera_ion mode is 2 is found in each
oi-- the seven configurations in varying degree and consists simply of
specifying one or more leng_n.s _n _;,_ real plane to be zero or near-
zero. For Confi , _- , . = "gura_:on 5, for example specifying n 0.99 wlth
? = 0 requires both DE and EF to be sm_ll -O.Ols. Effectively, such

requirement also specifies the poter, sial differences betv,,een d and
e_ and between e and f to be small, which was also noted for the
,_rs: ....._ome:mc _,,_,_er,s_,c. Experience v:ith Configuration i sug-
rests _hat this limitation is more pronounced for lengths oriented
'-,_,_llel__:' to the span,,-','".se direction than for lengths-'-' oriented normal
_o i For example, if n 0.5 for Configuration i, the i -_ _="
..--or the mapping constants converges for _ as small as iO -5 (lengths
B--Cand CD -_ 0). However, if L = 0.04, convergence is not obtained
for 0.98 -" .< n _ l 0 (length DE ÷ O) This limitation of the iteration
_,s believed to be basic in character _ _''- , ,a_ner than numerical. When
any length of one of the configurations becomes zero, a different
configuration is formed that has fev;erSchwarz-Christoffel mapping
constants to be determined. For example_ when length DE of Configu-
rc_ion 6 becomes zero, the resulting sh_De is identical to Configu-
r_',tion 5. Similarly, if _?.e length of one of the vertical fences of
ei_Ler Configuration 2 or Configure:ion 4 is set _o zero, the result-
ir.g shape is identical to Configure:ion I. For Configurations l, 2,
4_ 5, an_ 6, __,,_ critical v_lue of the fence spanwise coordinate n
l_es betv,,een 0.95 _nd 0.99 while '-'_, _n_ critical value of _ __._ fence
!crgth parameter is of the order of lO -5 to I0-7; the iteration for
ti,e r:_apping constar.ts frequently does noc reduce e to 3 x 10-8 if
n lles between i and _he ....._ _ cal value, or if L is smaller than
_he critical v_iue. For Configuration S: convergence has not been
achieved for SH > 0.i2 if LH < O.l. For Configuration 7, conver-
gence has been _chieved only with considerably increasing difficulty
cs fence and end plate lengths are decreased; the smallest values of
the geometry parameters for which convergence has been obtained with
._,_os._°_'_,_,opera_ion mode = 2 are L i = L o = O.Ol, L : 0.02. For this
reason, the initial values of the mapping constants for Configuration
7 are _...... = = =._u_ those of a monoplane, but r_ er for zi Lo O.Ol, z
0.04.

Ti]ese f_ilures to obtain convergence of the iteration for the

m_sing constants have been observed _rinci -_. k_ly when Program 55VD
uses the successive solution scheme to determine the mapping constants.
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od_,on of KeTerer,c_ 8 points out d,_
nonplanar ]ifti,,u_'_ s,,_r,='_c,.s_ prod_ci_g minimum induced

_rag can b,e analyzed it, =hree steps:

(1) For a given cm.flcuratioi-_, determine the

loading to mlnir,:ize induced drag with a

(2) Given (]), compute the minimum induced
crag.

(s) G,v .... (]y, co:zpute _r,_ vnng g_om_try

n;inimu;:_ incuced drag ]oaCing.

_._.,.,:u_er /,'c :*_;,:_5,s'*.'_,c:,::u.::cs (]i and (.2) _-or
-_* sa "- ................. _ ...... _, ,p _i;::er, t_ry

_,oum Reference
14 O_tlir, es _ ',:o._ia:.ar theory _= ...._,,_ can ]ike]y be

ada',stec for this purpose.
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000363

000363

000363

000366

t_0371

0_0377

OOO_O!

0£0403

OOC_C_

oO0_Oo

000_07
oco_ll

OOG_I3

CO0_i3

C00430

GCO_31

_7

:C: (PC;_ZQ _GT, POUT) POP.C_ c. ;_C.bT

CALL 5..;_i;-S

: _:,:,ST) GO TO "_
:F _.ql oGT, 0,0}} C,O TO ,3

60 TO c.32

5@0 CO;-,_INUE

C

C '#Ix,3 WITM PYLON A:-43 D_r_ZD;kA;, OUTLO;,XD 0;" PYLON

C

A = 0_0

C,U_I = ZTA_G

._- (OU;-41 .GT, O,,qC:) 0U_4! _ 3=£3

O :. _.0 " SQRTII,O " DUNdee'2)

C _ O - OoO!

G = C - 0,01

E = _.o0
,r = 2,0 - D

C = Z.O
Fib = p;i_ZO

P;_ZO = 0.0

GAM_£ == 0=0

50_ ,°'RZQ, = P;.RZQ • 0,03

6A_;A = GA_i:4A I 3=0

'.'i (PIREQ ,LT, P_N ,OR° GAi-_4A _LTo D_H) GO TO 503

LIST u .TRUZ.

503:7 IP!REQ ,OT, PIN) p_;.'?C-.'= PzN

-_F (GA;4M_ .GT. D".H) G;._,X,_ _ D_.H

C,LLL SERIES

IF (LAsT_ GO TO 2

GO TO 5O2

600 CONTINUE
C
C h;_;%G _ZTH _;_.2;0;,2,D _YLCN ,4ND O_HZDRAL _EAK OUYGOARD C_I PYLON

C
A ¢ 0o0

[,,U;-_i _, ETAORQ

:F (CU;.tl .GT_ C,_£8_ OU:: _- _ C=OJ
?- : _.0 " SCRT(_.'O " _ U;<_°°2)

"/ I:DL, N2 < O.02; .GT,_ _m _'._'.,C,UN2 ._ DUN1 - O,O2

O : 1°0 - SORT41,G " DU;_2*_2)

C = O - 0.01

8 _ C - 0,01

F : !,0

G = 2,0 - Z

H : 2,C

DIM = GA:._4A

PIP, SO = 0.0

O._-!:-'._ : 0=0

_02 PiP-,EQ _, PiREQ ÷ C_.C'3

G;_MA = GA;'4C.4A _" 3,.0
_F (PIREQ .LT, PZN ,OR, GAXMA ,LT, OZH) GO TO 6_3

LAST = ,TRUE*

603 :F (PI_EQ .GT. PIN} PZgEQ = P.N
iF (5A_MA ,GTw, OIH} GANMA = OlM

5_VD:;L_O

55VSPgOG

gSV32010

55VD?920

55VD2930

65VOP£&O
LSV52950

5:;VOP_60
5_VD2970

5£V3_990

55VD]300

55VD3813

55VO3520

57_VD3030
55VD3040

55VOSO_O

55VO30LO

5SVDS_TO

5gVO]090

5sV03lO0
5£vD]1!0

5-:'J33:30

5g'JO31=_O

5gVDS150

55\'D31,_3

LSVS3170
SSVDSI_3

_:J_glg3
55V03300

55V032,0

S5V33220
_5VD3230

5£_'03: : D
g_DZ_3

5_JD3t'C_

5_W33270
56V35280

5g'.:DSL_5
5:.'. LG3LO

5_'.:OSg:;L

C_VC;33- O

t_V3L3?J

5]"g33_,_,

56V_3.,i¢

gSVC3420
5sVC]_.30

_V_440

_5v23450

55VD3_GO
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'..!. F. bur_r,d, Edizor-in-Cb, ief, Ju',ius Springer ]934-36 and Dover
2ub]ic&tions.

c_',e_ R. ".:, .< _ev_;_ of i,ur.,e;^:c_i- m=,_c,..,:-_,u_s,_Suitable ".-or _ne
, ..... =on_c ov;s, Douglas Ai _ -="-

,_uwo,_ _o. u,-.'_.-_o_7o, December, ]_87.

_¢ .... _,,,, : _.omy,._,,,,cs oT Wings and Bor_ies,
,z,&dison-',,us]ey, _bu, ff_ 2_8-2_
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C ac-c_ I

Caa-d fi

(i<c_5:irc& if

C,u'd 3
(i<ecuir_:C if

".:o:sz _ l)

Ca_d 4

(F_qulred)

1 I0 2O _0 ,10 50 SO

I i! !
! : ilL ti

•AAAA_bbbb dZBBSB_DD2 SCCCCCCCCCDDDDDDDDLZ2EEEEEEEEZbbbbbbbLbbbbbbbbb i,bbbb ub o c ao o o

i i ;: il ii
i! I _'
_ i! ii !i lj

_e,_-_f_g_,_,_.%y_g_,Dr,; ___xL%Y'F2Y'I ZZZZ_SZFYob b bbbbbbbbbbbb bbbbbbbbbb bbbbb

:<-,_[are integers; A-i, V-Z are _._.a_l_ foznt _ .

K FIc_s = I fcr the l_s_ case to i_e executed; Flag J i for other cases.

L _-c,£_'a_a opcr_tlon _,_ODE n mJaer (vc-lucs 3. or 2).

:i Co:-a'igm-_._cr, ::un%cr (v_uca roa'_Se fro_., i to 7; see Fish,re a).

,I N'_c_foerof r_;c_-Ic_l intec_raticn ordir_tca (v_ucs rained-• from I0 to 50).

A luiti¢_! esZi._.tc of

L L:itia& c_t--uatc of

C _izi_i csti:m_tc of

D luiWial estir_tc of

E initial cstL'z_te of

F Luiti_2 ej;i.uz:tc of

_" -Y, ZL IL-- .......... - Oi _

.{ ._;itia]. _Ot.__:,aJ,c62

at A (:i_..n-_ii:Scc,ustaclt).

at L (._.m@i;ing co:_scm_t).

at C (imu2l_inS consto_,_).

c._ D (_/_if.g constant).

at F ( aF_ins cons_t).

_% O @;Xi_pil"_ Co_%_t).

at i (_,-_i_ping const_t).

W Oc,umc i:." : 7_a-m_.ct:_; _,<:c'i'_blc .7..

;',: gcometzic i',.='c_,=c-,;,c,,.'; _uc Tabic Z.

Y Oc_oa;ct:'Ic pt_.utcr; sc_ T_blc .7..

C_,o;actrlc far,z'ae;er; see Table i.

b Unu._ed c_'d col_un] ieuvc t',,ece colu.:uns _zn';unchcd_ cxcci)_ for cc. 51-_]0_

%'iiich _]/1</be: tined i'or deck idcnDificaticn and sequencir4_.

Figure 5. Data input Cards.
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_' • • _' _' _' _' * NEW CASE DATA LOADED BY SUBROUTINE INPUT _' _' _' *' • ', '.'

CONFIGURATION I

PROGRAM OPERATION MODE NUMBER : I

NUMBER OF INTEGRATION STEPS = 15

INPUT POTENTIALS (CONSTANTS OF THE SCHWARZ-CHRISTOFFEL TRANSFORMATION)

A = 173.89999962

B = 193.50000000

C = 216.79999924

D = 242.50000000

F = 823.00000000

TRANSFOrMeD POTENTIALS {L:_ARLY SCALED)

& = O.OOO00000

B = 0.0G£75509

C = 0.13240743

D = 0.21172640

E = 1.00000000

F : 2.00539505

Figure 6. Program Output for Configuration I (Page ]).
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WING WITH ONE PYLON

RATIO OF LOADING _N PYLON TO LOAD ON WING = 0.00895395

WING FLLIPTICAL

SPANWISF W!NC, WiNG PYLON PYLOi_

COORDINATE LOADING LOADING COORDINATE LOADING

O.O0000000 1.27990375 1.27323949

0.007a5242 1.27986737 1.2732_023

0.01394202 1.27978893 1.273i1572

0.02194368 1.27961907 1.272_3290

0.03325770 1.27924955 1.27253515

0.04970680 1.27644205 1.27166557

0.07387902 1.27667461 1.26975991

0.I09352o3 1.27282895 1.26560390

0.15004500 1.26647694 1.25870916

0.18307467 1.26007468 1.25_72047

0.21082138 1.25361966 1.24462292

0.23559_76 1.24711202 1.23739C01

0.25832753 1.24050489 1.73002242

0.27957898 1.23380792 1.222460i3

0.29975913 1.22700888 I._!!468_46

0.29975913 1.22700888 1.2146894S

0.3!g18636 1.22008543 1.2066Dg64

0.33814248 1.21300463 i.lqS23q22

0.35091558 1.20567569 1.16_<37V65

0.37584868 1.19797234 1.1796U6_I

0.39543150 I.!8980628 1.16046469

0._1652872 1.18089484 I._5753074

0.44121915 1.17051573 1.142604%4

0.46101549 1.16240960 1.12956265

0.47399409 1.15727331 1.12!12B0_

0.43266789 1.15393926 1.11510754

0.48858459 1.15171491 1.11092250

0.49275314 i.!5017313 I.I0793371

0.49592014 1.14901607 1.10564059

0.50000000 1.14754_3 1.10265774

_.50000000 1.0560P725 1.10265774

0.51352063 i.05662258 i.092537_4

0.52 ._-f_6109 !.04568896 1.0_439290

0.53504071 1.0}_<31708 1.07323757

0.55818928 1.02oi0122 1.05642417

0.58657374 1.00_,_1071 1.02934223

0.63600769 0._6364269 0.9825305';

0.71090167 0.88226352 0.g_5459i7

0.60067620 0.75399248 0.762794_6

0.867_7338 0.62749662 0.633S59_I

0.91755182 0.50077473 0.506266_>9

0.95459890 0.37420251 0.3792950D

0.9801_190 0.24714295 0.25266879

0.99507128 0.11585662 0.12625733

0.99999996 0.00000035 O.OOOOOO00

0.00000000 1.27700035

0.04142980 1.27647349

0.07350609 1.27404992

0.i1552S82 1.26ggi345

0.17455553 1.25745764

0.25913838 i.25206236

0.%7952775 i.17956047

0.)4406353 1.06715430

0.710997gS 0.C91532!7

G.819_3b09 0.7254099&

0.89521870 0.5o721438

0.94373438 0.4156527_

0.976DCS09 0.2690S094

0.99433713 0.12067618

0.99999996 0.00000029

Figure 6. Program Output for Configuration 1 (Page 3).
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,. • followed by deck identification in parenthesis.
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Figure 7. OVERLAY Structure for Program 55VD,
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Figure 8. Induced Drag Efficiency at Minimum Induced Drag

for Near-Monoplane Degenerate Configurations.
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A NUMERICAL SOLUTION FOR THE MINIMUM INDUCED

DRAG, AND THE CORRESPONDING LOADING, OF NONPLANAR

WINGS - DESCRIPTIVE MANUAL FOR COMPUTER PROGRAM 55VD

by J. L. Lundry

The McDonnell Douglas Corporation

SUMMARY

A numerical proceGure has been developed for the accurate comp_L&-
_ion of the minimum induced drag, and the associated load distribution,
of nonplanar wings. As is well known, the min ;_;um i_duced dmag may be
Cetermined by analyzing a potential problem in :i_e Trefftz plane. The
procedure solves the potential orobiem in an au;,i!ia_J mapping plume
related to the physical plane by the Schwarz-Cilr:stoffel transformation
for configurations with front views that may be _#proximated by straight
line segments. Previously, the main computational difficulty was the
determination of the mapping constants. The procedure presented here
offers a choice of two methods to determine these constants. 5y use of
the electrostatic analogy to potential flow, the mapping constants are
measured with an analog field plotter. The measured values contain small
experimental errors. The mapping derivative _s integrated numerically,
and the constants are adjusted iteratively until the desired geometry is
obtained to high order of accuracy.

Alternatively, the mapping constants can be determined without re-
sorting to analog experimentation by evaluating them for a series of
geometrically related configurations that ends with the desired configu-
ration. The mapping constants for each member of the series are used as
the equivalent of experimental values for the next member of the series
whose mapping constants in turn can then be determined with the iteration
scheme employed in the experimental method. The series starts with the
monoplane degenerate equivalent of the desired configuration, for which
the mapping constants are known. This procedure is successful if each
member of the series differs geometrically from its neighbors by a small
amount.

Once the mapping constants are known, the minimum induced drag and
the associated loading are determined by quadrature.

The procedure has been applied to seven nonplanar lifting configu-
rations, resulting in the development of Computer Program 55VD in the
FORTRAN IV language for use on an IBM 7094. Program 55VD has been con-
verted to FORTRAN 2.0 for use on the Langley Research Center's CDC 6000
series digital computers. This report describes in detail the FORTRAN
2.0 version of Program 55VD.



T l/, "T", _r_ F'-- "I,,IRvuU_-ON

,'.lunk ' s Theory

in Reference l F'iunk developed a _heo'ry -.or the minimum i ...._ ....
c!r_g, ar _,_ the associated loadi:]g, of a'.r-bi trary 1-=_,_,ng con_=;-',,uu,_;,ons_ .
A.] loadings are assumed light, so .that velocity perturb_ichs are
s_.,al! and the vor_ex wake in _ne ,,u,, _._ plane may be assur_.eo undis-
..u,.__. The loadings can be pro#acted onto a plane norms i, to _'_.:_,_
.re_-_.._, vu;OCiW wi_llout cna_,g_n,'g _,;e induced drag of cD,e i-:fting
systes (Stagser Theorem). _ ,-_'.' • ' , '_' ,u,_ s cri_erlon for m_n_,r,:um inducuc crL, rj
,s illustrated in Figure l_ and requires _,_ induced velocity nor:;_&i
to the projected loadings .to be proporticF, a] to the cosine of ti_e
w_,gle of ia_erai inclination of the projected loadings. I.',unk ..... +_....I _.i _ii<]', _

,_..o,;str_es that _he loading to sa_sfy this criterion can ._e =,_,,....
by solving a potential flow problem _uouu the wake in the Treff;z
plahe, in which ti;e undisturbed flow is parallel to £ne down:.'ash. The
required _oading is locally proportional to the potential _,._ .... ce
across the wake and is normal to the w_,<e-'".

Applications of ..... _"_..,u _ _ Theory

t.'unk applied his ti_eory to _he r,onoplane, and oboe!ned _he ciass'-
result that a constant downwash across the span produces the minir, u.m i--
cuced drag

,2

4 :, qs2

_md is given by sn elliptical _:_-_.,_ ......_,.,_,,u_:on ov load. Ln _<e.-erences 2-5_
ti_e theory is applied analyticaliy to ncnpl_nar confic,, -_-g_r_ions cc:-:si s t-
:ha elJ;;:" of cc_:_binations of a monoplane with versical fences or a ,.vir.g
_..J.t_] p5 _'- r',, - l l-span di ". " , "_,,-sp_n or Tu hedrai _n Reference 7 the electrosc_L_,c

ai-,t, iouy to po_er, t_a] v]ow is exoloited !o determine experimental iy ',*_-_
-n,3s cha_ sa_isvy Fiunk's criterion for cos.plex nonplanar lifting cor,-
7_gu;'a-_-,ons; t:_e ,ift and the :_<n!n-,um _p.duced drag are then evaiua_ea
numerically. Unfortunately, the nuir,eric_l results of this method car.
contain -_ -fi " " .*,s,gr; cant errors, as shown by ReTerence 8. Reference o solves
ZrLe j]oLeNtla 3, p_,oblei', _, ]n an au;.'.-__--',_,,;_./ ;._._,;;_ p',ane rel a-tea to "c;.e tea _.

= ---'*-' _ - by the Schwarz-Christoffei -c:,'ansfor_a-cion =o-( ru_-T_z] pi-ane _ , , COilfiruurS-
ci,,ns v,'i_h =,_,_ views t_at may be app'roximated by s<ra,ght'' ]!ne se_ ,---_-_-_
. .. _;_ lCy th this approach :,_s .......
determlnation of _he mapping consLants. _y r.qear,s of the e]ectrostatic

, ' " _.... _ .... _'_'_ constants are measured ,,'-th w_
_.,,_o_ field p;otter. -;ie measure.a va -as of -c;_e ,,_.,_u,ng constants Ir.-
c, ude s;_._]] experimental errors. The trans-,or;,_ation derivative is
.... u,,t_u_ nume _,ly, and _,.e co;;_s _re adjusted iterativeiy until
the desired geometry is obtained to high order of accuracy. Once the
mapping constants are known, the i-.i.ni::ium induced drag is determined by
quadra;ure. A digital computer program was required to obtain the
nt:merical results of Reference 8 for Configurations I-5 (See Figure 2)
OT :nls report.



Reference 9 proposes extensions to Reference 8 and the digit_
computer program- principally:

I) Application of the numerical schemeof Reference 8 to
Configurations 6 and 7 of this report.

2) Calculation of the loading to produce minimuminduced
drag for Configurations l-7.

3) Development of an alternative m_hod to de_ermlne the
mapping constants so _hat the analog experiments could
be eliminated from the method of Reference 8.

The proposed extensions to Reference S and to the digital cot.purer
program were funded under I<AS# Contract _<ASI-7484. This reporz
describes in detail the extended digital c6n_,puter progr_:_;. Refer-
ence lO is a program user's manual. Reference II summarizes all
work sponsored by the contract.

r m_iSY,%u_S

A,B,C,D,
E, F, G

Ci

aCi

D

T

L

a,b,c,d,
e,f,g

k

n

potentials in the real or physical plane (See Figure 3)

the i-th required geometry condition in the real plane

error in Ci

the imaginary part of

lift

potentials in the auxiliary plane (See Figure 3)

the square root of the sum of the squares of the errors
in the required geometry conditions:

= (scl) 2
i=l

abscissa spacing parameter tSee Equations (i0) and kl,))

induced drag efficiency at minimum induced drag

nondimensional length of fence or pylon

number of required geometry conditions Ci



Pj

aPj

q

S

Z

F

q

the j-th mapping constant or potential (The potentials are
numbered in alp?_abe_ica] order.)

correction to pj

dynamic pressure

semispan

complex variable in ti_e 'real plane

d_nedr_l _r_:]i_ in degrees

complex variable in _he auxiliary plane

nondimensiona] semispan coordinate

#';ALYSIS

Tile basic theory for the :,Jnin.um induced drag of nonpla_-,ar li=+_ng
cont_gur_,ons is given in Reference Iane is described in the _,_,,R,_-
DUCTIOE. A potential problem is formula;ed about the vortex wake it,
the Trefftz plane. By the method of Reference u, _ne problem is ar, a-
lyzed nu;i:erically in an auxiliary _ _ l.... app,ng p,ane by means of tue bc;'m,arz-
Christoffel transformation Fi _ *• ,s_, the constants of the Schwarz-
Christoffel mapping must be _ "_e_ermlned. 7he _,,inis_m induced drag car,
ti_en be obtained by quadrature in the form k. Finally_ the required
load distribution can be obtained by interpolation. The seven general
configurations sketched in Figure 2 are _nalyzed by Computer Progra;,_,
55VD.

7he .... "too,millng Corlstan%s

Tv,,o me-cLods to detersine the s&_oir, g const&;qts have been included
..... _'_d ?,ere.in Progra;_ 55VD and are _ ,_

developed in R-a_er_nce 8. 3y ,,,_,_ of ci:e e",ectros-;atic _,._,ug/. Lo po-
tential f]ow. _ne mapping const&n_s can bc ....:&sured experi,:.anca]!y' _
an analog field olo_er, such as the one used by the author of _-,-'.:-_
ep,ce 7 ;he r,,aasured v_:.,as of poten4i ..... " ......

• '" ..... " ,.t :=;i-i i;e explained _ "aild are corrected _" a!-; ita;'_tive sc;,e,_,e ,:]:"
.... :': .................... ( _--;0 ra]" -: _....
.,.._, .,_,._,, _,;k; "Siid c_.',; ._c.;j ,:,..,. .... ,, ;.... ;.e ;-L)__ _5,.,-_F<..,_,, o.

? F

-
d_ [(_ - a)(_ - b)(_. - g)]_



Given the experimental values of .... _ . , , _,._ ge_,._r,' ipou_ .... a] a, . . g +h ........ ....

the physical plane is evaluated by numerically integrating Equa_io:_ (2).
For example, the length AB is

b

AB = zB - ZA : y d_
a

Each of the distances AB, BC, CD: DE, _,_, and FG can _e evalu_c_ in
this way, and each of the integrals has eitiler one or two integ'rabi,e
singularities at the end or ends of the integration interval, if a!-_
integral has two singularities, it is evaluated in two parts of equal
range so that each numerical integral has at most one sir, gularity.
For example, the integral for the length A--B-has singularizies at a and
b, and is evaluated as

½(a+b) b

-- # dz , F Cz d_ (4)
AS = .._ _-7 a_ + /.. d"-'_

a ½(a+bj

The first integral is singular at a in the fom_

_(a+b) Z(¢)
r"

j _-(_ - a)'_
a

and can be rewritten in the standard way as

½(a+b)

f z(,_)- z(_)
(C- a) ½

a

d_ + z(a)
½(a+b) l

f
(_ - aj

a

d_

½(a+b)

: f z(_) - z(a)=.
a

d,: + 2Z(a) [_-_(b- a)_

The integrand [Z(_) - Z(a)]/[_. - a] _ is evaluated oi_, the integratic?.
interval at up to fifty points that are spaced more closely near t?.e
singularity, and a modified Simpson rule is used to perform, the quccrature

In the example of Configuration 5, ÷"__,_ mapping derivative co;-..ta:i;s
seven unknown constants. Six of these constants are _ndepe.,d_n_ (oae

• d_,_ne the s_xmust be fixed to define a coordinate orig;n) and _-"
lengths AB, BC, CD, DE, EF, and FG in Figure 3. For practical reasons,

the experimental values of the mapping constants are scaled lineariy



before they are used to evaluate the ..... ÷ , ' ...... _-c_o,,_ry in %_Le real plane_ _L,,_
linear scaling changes only the absolute scale in the real pl_,_ is
equivalent to fixing one of the six independent mapping const_T_ts, a_d,
for Configuration 5, is defined by setting b = 0 and e = I. Five of
the unknown mapping constants are used as the independent var.ab_es in
a linear iteration scheme that is designed to satisfy the five re-
qui red geometry conditions :

2) The inboard ,_ing mus_ close (_-3 = F-G-).

3) The outboard wing must 'close (-_ = E-F-).

4) The fence must have t,he proper length
= + 0Y cos

5) The fence must have the_proper semispan
location (AY-- nJ_ ÷ DE cos r]).

The initial values of the unknown mapping constants are measured ex-
perimentally with an analog field plo __r. The corrections to ti_e

mapping constant Apj are computed from

_ _Ci _ 3ci (7)
_PJ .,tpj

where _C i is the error in Ci, the i-th geometry requirement. Ti_.e
_Q nu,,,_, ,caily by perturbing5x5 correction matrix _Ci/_p j is eva] -_' ....... _ .....

9J slightly, scailng the potentials, if necessary, and calculating
-_ne derivative as though Ci varies lit, early with p.j. For Configura-
tion 5, the potentials a: b, d, e, and g were selecte_ fro._i the seve_
unknown values of potential as the independent variables for the iter-_-
tion. This simple iteration scheme converges rapidly for properly
chosen independent variables. For so::,e of the seven configura-cions_
the set of mapping constants selected ir, itially as independent varia_!e _-
did not give convergence, and other sets v'ere chosen. However, co_';ver-
gence of the iteration scheme has been achieved for each of the seven
configurations considered to date.

Successive solution scheme. Reference 9 proposed the develop_,:er.t
of a successive solution scheme to de_er_;_i_,e the unknown constants o,--

the Sc,,warz-Cnristoffel mapping wichout resort to electrostatic analog
experiments. The mapping constants are determined for a series of geo-
setrically related configurations that ends with the desired configur-_-
tion. The final values of the mapping constants for each member of the
series are used as initial values for the next member of the series,

whose mapping constants in turn can then be determined with the itera-
tion scheme developed for the electrostatic analog method. The series

6



is started with the monoplanedegenerate equivalent of the desire_ co;t-
figuration, for which the mapping constants can be determined fros the
potential solution about a monoplane, give_ in Reference 12. This pro-
cedure to determine the mapping constants is generally successful if
each member of the series differs geometrically from its neighbors by
a small amount.

The Minimum Induced Drag

Once the mapping constants are known, the minimum induced drag is
calculated in the terms of the efficiency k, where

L2
D = (3)

4_s2qk

If the expression for k is transfor,s_d into the auxiliary plane,
Reference 8 shows that

g

l T f dz
k - _s __ " j _C d_ (9)

a

where I means "the imaginary part of". Again, the integration is
performed numerically.

The Loading to Produce Minimum Induced Drag

Once the mapping constants are k_o',,;n_ the potential is speci.ied
" "_..... -'on of C'_'-':-__'_effectively in the physical plane _s a ,_,u_ u......... c location.

The required loading is proportional to the poter, tia] different, ca
across each element and is obtained by ii._erpolation in the tables
resulting from the numerical integration -chat produces lengths in the
real plane.

CO!<PU7ER P,%GR_M 55VD

Computer Program 55VD has been v;ritten in the FORT,%&_(IV lar, cuage
for use on an IBM 7094 digital computer_ and has been converted to
FORTRAN 2.0 for use on the Langley Research Center's CDC 6000 series
computers. Figure 4 gives the overall ]oqic of Program 55VD. In severn,
subroutines, internal logic is used to transfer to coding associa-_ed ;,;i_;h
the configuration being considered; such logic is not sho',,,n in Figure 4.
Computing time per case varies from 0.] minute to 3 minutes, depending
on which of the seven configurations is being analyzed: the nu,<ber of
ordinates used in the evaluation of the geo.;etry and drag numerical



integrals, and the rate of convergence of the iteration for the m_pping
constants. The main program and the _,..'_:,ty-four subroutines of Program
55VDare written on roughly 3700 FORTi_,L__ource cards.

Input/Outpu L Files

Only the standard files INPUT and OUTPUT are used by Program 55V_;
these files are not described. Fil_s INPUT and OUTPUT correspor_d to
l_iral units 5 _. J _, ,'e_..zti.c]y_uf the l_i_i _J94 FJRTR_ system.

Detailed Description of Subroutines

For the main program and each of the twenty-four subroutines, this
section of the report presents a description, a source deck listing: &J-
tailed flow charts, and a list of symbols. Each list of symbols contains
five columns of information:

l)

2)

3)

4)

s)

The first column is the symbol.

The second column contains one of the
letters D,I,L, or R, denoting double
precision, integer, logical, or real
variable, respectively.

The third column contains one of _he
letters C,D, or U, denoting a common,
dimensioned, or undimenioned variable,
respectively. The hierachy is C,D,
and U.

The fourth column describes the symbol.

The fifth column contains the name of
che subroutine.

The flow charts have been co:_.structed witP, the _-LOTRA_i computer pro-

gram described b_'_,l_f,y_' in Reierence_ ]3. ......._n_s program:. ,:scepts i_... 7094
FORTRAN source decks as input data and co_.structs f,o,,# c._.arts with a
SZro,,.nberg-Carison SC-402@ automatic data piottin,# syste;_.. On_,y t;.._o of
the FLOTRAN flow charts for Computer Program 55VD have been modified.
Subroutines NU_INT and ,_UF. L._ch have one computed GO TO statement ;,;i_ch
91 arguments; FLOT,_?_'<can chart computed GO TO state;;_ents wi _ - _"_"_
of 30 arguments. The t,,o computed GO TO statements i_.ave therefore been
charted manually.

An index for the subroutine descriptive material follows.
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Subroutine GEOM (ANS) (Deck 55VM). This subroutine evaluates the
lengths _-_, _C, . . . in the physical plane (See Figure 2) and computes
the errors in the required geometry. If the iteration cycle is the
last one (parameter ILAST = i), subroutine STORE is ca_led to store data
in the ALOAD array from the numerical integrals that produce lengths in
the physical plane. These data are used in the interpolation to obtain
the loading to give minimum induced drag, and are stored as potential,
less a quantity corresponding to the second term on the right side of
Equation 6, as a function of geometric location in the real plane.
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tvL J_vLQ

_j_.O2[

v_v_o5

S i L L ,L 7

# i ._. 6 -

CC ,',7-
3 ,, ,, 2 ,T,,_

C',: J2 _ 7

6 C,02."5

L, -,'; ;, 0., :: :;

Y,-,:S 5Ug_OUT:,NZ EvA..u,_TZS GZC);.;;:TP_Y ;N TH:.:: T_FFFTZ PLANE _:_,;>_,:gO
5_,V ' "30 '. ,:,

ANS(:6) EL,-,,' .- C 05 C_

C,.,_, C,i,. D,-.,_{17). ADSC{SO;, C'_D_t.O)._ T_SLc:<SO}, ALO,_D{:C'OO)_ AA(16)SSVLCO:'J

A , T;,i]l:ol_, OP, 6?;42, GP#2, CO, O_OP, CGNR_ CO:_:, :LAST, C2, Cl

E, , C3, a_.

EQU _;".L LT.NCZ

:, , i::,',TA( i;),
:; , {..'_ATA{ G; ,

C , {DATA{ {;; .

D , (D..T_{12),
E , ¢0;,T&(15) ,

C) , (DATA{ <), D) ,

2N;NT) , (D_T_{;3;, ET_;_O)

Pi_E_) , _DATA_IE), P0_FQ)

C..,TA( 2l_ F;_

O,,TA{ 5)_ Z)

onTA{i_), i.TYPE)

OATA{:7}, GAmmA)

DATA ZERO. ONE / 0.0, l.O /

N_KT _ _N:NT

60 TO

5 FO_,_T i;Ho, 5X, 3?H_H;S PASS REJECTED BY SUaaOUTINE GEOM / 4x,

A ('_Z!_.5/I)

_ZTbaN

TR;NSFZ_ TO CODING FOR SPEC:F:C CO,NF:GURAT_ON

C0 TO I 7, _I_ 15, 19, 2_, 23, Z5) , NTYPZ

7 COAT _Nu_....v

_'INO h.T;4 0,,,2. PYLON

:F (_ .Gi, 0,0 ,AND, C .G£. B ._;-,_o O .OE. C .AND. 0 .LE. :.0
A _;_. F .GF. I_0; ITZST _ 0

_F {ITCST .E_. i_ GO T_

_NTEGRAT:CN OF TRANSForMATION SLOPE TO G:VZ T_ZFFTz PLANE GEO_ETRYS._'.';. _g%0

INTEGRATION F_OM A TO 6 _i, TwO P#RTS

A_P:_,X :_ O+5 e (A ¢ D)

C.:LL .,U_4;NT ,'ALPHA_ ,:,, ,:.-, 5,:;';7, -:., A.%_, GT1)
T-F (:L..ST ,E_. _) C;,LL SI'GRE (GT',,_ ;-_ l)

I;:{A_S(,:,LPhA-A).GT,.CI_ A_ _ ,,,_, • 2.G _ GT_ _' SoRT{ALP,-IA-A}

C:,LL ;',U:_':+',? ( _ALPr_.:,_ _:;_, ;,.n,:', 5w A;-;2,, GT2)

:F (IL..ST .ZC. I} C..LL STORE (GTp.. S., 2;

:F(,'.#JS_i-I-ALPHA),GT,C:) A_,2 '- _,:)2 _" 2.G o GT2 e 5_RT(&-,_LPHA)

'.:..LL C',{,;.LZNT _ C'_ L., L,_ i'.,_NT_, O,., .;C_NT, OT )

1.= (:L.;ST .ZQ. 11 CLLL 5TCkE _.GT_ P,._ 5}

"Fi:._;SiC - 0 ),GT,CI) '._C:.NT _ _C_NT • 2.0 _' GT _ S&RT(C " R}
UC:NT _ {-bCT."-.T}
C._,Li.N',i_,I_NT (D, C, L), NI,_T!, 7, C3_.NT, 6T)

Z;_" i.TL,_ST .EO. 1) C;,LL STOR::: iGT _ D, 4)

_F(Ad_{ D - C).GT.C_} CD;NT _ CD:NT • 2.0 _ GT * SQRT( D - C)

i00



0005_0

OOO¢30

COINT = (-CDINT)
CALL NUN[NT (ON_ O_ D, N[NT, _e DEINT0 GT)

IF (ILAST .EQ. 1) CALL STO_E {GT _ O, 5)
[F(ASS(I,O - D),GT,C|) O_[NY a DE_NT ÷ 2.0 o GT _ SQRTII,O - D)

CEINT = (-OEiNT}

CALL NUNINT IF, ONE, F, NINT, 9_ EFINT, GT)

IF ([LAST .EO. I} CaLL STORE iG? _ F, 6)

iF(_BSIF - I.o).GT,CI) EFINT _ EFINI * 2.0 o GT e SQRT(F - 1.0}

EFINT u (-EFINT)

B2BAR D 0,5 * (AHINT * OEINT - EFINT)

ANS{ i) a (BCINT * COUNT} / 82_AR

ANSi 2) = (AI}]NT * DEINT • EF_NT) / B2SAR
AhS[ 3) = ASINT / U2RAR - ETAIRO

ANS(_) _ 0.5 _ ICDI_T - BCINT) / R2BAR - PI_FQ

ANSC 6) _ ABINT

ANSI 7) = BCINT

ANSi O} _ CO[NT
ANSi 9) _ DEINT

ANS(IO) - EFINT

_TURN

Ii CONTINUE

_ING WITH TWO PYLONS

:F (A .LE. B .AND. 8 _LE. C .AND. C .L&_ O.O .ANO. D .CE. 0.0

5 ,.3,,' :_;C,5 L, C
5 _,',';,t 55 c_C,

5 sV;'; c.G,90
5;=,V,_ O :, i ,3

5 B',/."; 9520
5 £ v.'-'_0 ,%L 0

5SV_0650

5_-,V;40 oG $

5 L,V _,_,,",,S7 C,
5_,V_04SO

56',,' H/, 6 S 0

55','i,_ ,,.7 OO
5KV._O7 iC

55V}':_;720
55VSo7_O

55V;'_07., Z,
55V,._0/50

S_,'/;. C7 .' 0

55". ;', 07,-, C,
5":%',.,4,3"IS_

5 '-:,',,_,;0 £ 3 L.

55'_;qCS:O
S5'.'i< a S 2 C,

A ,ANt). F .GE. E .AND. F .LZ. l.O ,ANO, h ,GF. 1.0 ,AND, _ ,GE. 5_V_c£30

8 H) ITEST _ 0 56V;-10_,,0

_F (iTEST .EQ. l) GO TO 6 5_v_oSbO

5%V_40S60

!NTEGNATZON OF TRANSFoRNAT:ON SLOPE TO GIVE T#EFFTZ PLANE GEONETRYSsV_o£_O

ALPHA : 0,5 * (A * _)

CALL NUMINT (ALPHA,_ A, A_ N!NT, iS, AS], GT:}

IF (ILAST ,EG, I) CALL STORE (GT1_ A_ " ;

CALL NuHINT iH, ALP_A_ _ hlNT_ _Ov Aii2_ GT2)

IF (ILAST .EQ. I) C/,LL STORE (GT?_ ;S_ _}

_F(_SSIALPHA-A).GToCI) AS! : AS: * : _:, ,> GT_ _ ScRT(_LPHA-A)

IF(AflS_B-ALP_A).GT.C1) AU2 _ AS2 ÷ ?._ _ G72 w S_TI_-ALPHA;
AB , , = i-ABI) - _

C_LL NU;q!NT (C, B, B, NZNT_ 17_ SC_XT, 6;;

iF {ILAST .EQ. I) CALL STORE (GT v 3, 3}
IFiABSE C - I_),GT,CI) SC'NT = BC!NT * 2_0 _ GT _ SORT( C - R}

CALL NU:,IINT (ZERO. C, ZE_O_ N:_,T_ :S. CD_N_'. GT}

IF (ILAST ,CO. I} CALL STORE ;_[ _, 2E_O_ 4)
El(ASS( - C).GT.C_) CDZNT _ CD:NT * 2.0 e GT * SORT( " C)
E2 _ Z / 2.0

CALL ,',L;;.,_NT (_2, ZERO, ZERO_ NZNT_ !9_ DZI_ GT;)
IF" (ILAST .ECo l; CALL STOXE [GTI_ ZERO. 9)

CALL NU_.;IN'[ :6_ Zp_ E, NI.'_'.',20_ bE2, 6T2)
iF (!L..ST ,EQ, I) CALL STORE {GT2_ E_ G)

_F(ASS( E2I.GT.C_) ,,_'"i _ OZi * 2.0 * GT_ _ SORT( E2)
:FtAUS{ Z2;oGT.CIi Oi2 _ uc2r- * 2"0 _ GT2 e SORT( E2)

CZIi'4T _ DZi ÷ DE2
C_LL _JUZ-:INT iF, E, E, N_NT_ 21, EF_;.I. GT}

iF (ILAST ,Zg, ]) CALL STORE (GT , i_ 7)

:T(ASS( F - E).GT.Cl) EFINT _ EF:NT * 2.0 _ GT * SORT( F - E}
EFZNT _ {-EFINT)

CALL NUMINT lONE, F_ ONE_ NINT, 22, FGtNT, GT)

5SV_0ggO

5RVRGg03

55V_,:0910

5%V_092C
56,,'_:09L o

5£V;40940
5%'r;40£50

55'<;-'_396&
5gV>;,3970

55Vx09S0

5_',';409S 5
9_,V;_;1603

5sV_ICIO
SgV;'iiC2O

55',N;]OLO

%_V;41C./ C
5sV;<IC:0

S5';:'iiDc C,

5cV:':LO70
55V>;:C_!:3

55V_;1690

5Sv_-:i:LO

5;_VP4112G

56v_,iiSo
55V_11_0

55VMIiSG
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£C" C,,'3

Oa', i_'.

pr,i ;C2
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L 5 : :: Z 1

CO!2".0

0 :, _ -. b S

C,,ll J 77
,.0L202

Ch" J:o

(.,u i J-;_

oo;3_2

:F IIL_ST .E_,, 11 CALL STORE CGT _ ONE,_ _
I,'- _:,_t-,_..0 - F).GToC1) FGi_T _ FGINT .. 2.0 e GT ,I, Sq_4l{l,,0 - F}
FG_h,l = {-FG_,NT)

CLLL NIIN[NT (H,_ GN.,T._, QNS-,, t,;[NT,_ 2_.'_ G,-(:;'..T,_ GTI
!_" £|LAST ,EQ. _) C_LL 5TONE {O': .,, CN_t g)

ZF_,_H£(H - 1.0).GT.CI) GH[_wT _ GH[NT + 2,0 e GT * SQRT(H - _.0)
GH["_T = (-GHINTI

C,_LL Nt_MINT iA[_ H_ _I* N_NT.* 2:,_ H_,;'."f,, , GT}

I£ (ILAST .E_. l) CALL STO#E (GT _ AI,]0)

_k'(ASS( A[ - H).GT.CI; l'i[It',T_ I'_IINT ,, _,O e GT * SQRT( AI - HI
',-_[I_T = I-HIINT)

F;23_ - 0.5 *" (,:.BINT _. DEI,";T w. C;_;,'_T - HI_NT)
A,NS( _.} _ (SC[NT - C0[NT) / [;2_&A#
;',:';S( 2) = {EF]NT ,{, FGINT} / G23;-._

;',,',S{ 3) _ {A_;IhT * OEINT ,_ GH]NT *- i-_IINT) / R?RAR
AN3( 4) ,_ ANENT / 82_AR -ZT+:,IRQ

.:.,'16(5) x !,0 " GH._NT / ,_2_.&R - ZTAO;40.

A_S( 6) _' C,.6 "-,' (CDI_T - 5CINT) / &2SA_ - P:_yQ

ANC,(7) _ 0,_ * (FGINT - EFINT| / G2LhkR - PGrvE'Q

_NSI 9) = _UIN7

A;,S(10) _. GCINT

.L;,,S(i_) = CDINT

2.XS(12) = I)E_NT

,:.,',it',3) = LFINT

ANS(',_,) = FG_NT
ANS{_5) = ,-_HINT

R_TURN

_5 C0_T INUE

_;,NG _ITH m),4[ZONTAL

". (,; .LE, H .AND. b .LE. O.O ,_ND. b .6,. 0,,0 ,,AN0. D .LE. 1.0

:; l:Ti(,L;T old;. 1) jZ, Tc_ ,,

S 5V_" i :CO
5%VNII?0

SgVM! i C0

5£V;'i I '.90
5%V ,v,1200

5_,'.'K 12 ! 0
5%V_!220

5%VM_ 2S0

56vH12,0
SsV_; i E_:0

5,:,v ;,4] 2,}0

bhV'_ _ 210

5_VM! 2_i0
5%V_4! 293
5-3V_4:300

%hV_4': -,'0

SSV_; 1320

55VM1330
SSV>_ ! _40

5_,v4 1 ,b0
56V:'_ : .]:,0

5 %',' ,v, i ,7%

55V H; _qO

S_,, ,,,,,iO

5",', "_ ".5S

%' , ,' , ,'_ b0

%;,:,.',_;.O

%q_:' ,-';C

'_ %%'-, b30

5SV;< (,:0

::_TEGA,T-'O._ C,;:" TR,-,:,SFO_.';AT_L,,", 5_C,,;2. TO G:','_. T_EFFTZ PLANE GEON_T_Y',.7,v,.: b25
55'# _', 6_0

C.,_L ,',U'-',.:NT _;-.,,&_ ,\_ N.hF, 2_,_ AJIi';T_ G';', 5_',/N L,':,9

l/ (IL_.ST .EQ, :1 CALL S_'C;;_E ;ui" _ A. i) r4%v_'t 550

.7{Ai35( H - A).GT.C_) ;,_!hT = L_}:N', _. 2.C; _ GT * SO_ B - A) 5_VI4 560

CALL NUHINT (ZERa, S, ZERO, N_NT_ 29, :-',CI;NT_, GT) 55v_'i 570

:._." (ILzS[ .EQ. l: CALL STOXC {GT _ ZERC)_ 2I 5;-,Vx %,:0
::-(;.r_Sl - R;.GT.C_) BC:NT _ _{CINT ,, 2.0 * GT _ SQRT{ - R) 56V_1590

#2 -_ b / 2.0 55_.'_41600
C.:LL I%U:'41NT (O2, ZJRO_ ZE;_O., N:NT,_ ]0, C0_,l GTll 55V_4;O_Q

:F IIL'_ST .Zq. _; C_LL STD,4E {GTI_ ZL_40, 3) 5-,V;_iOZO

CALL NUHINT ID, UPs, D,_ NINT,, 31_, CD2, GT2} .'5%VH_630
iF (ILAST .E(,, ]) CALL STO;ZZ (GT2_ D, 4,1 5%VHIC,43

".;cIALJ'S{ D2).GT,,.CII CU" _ C9'. _- 2,,0 '_ GTl _ SQRT( O7) 5%V',"_'.h._O
ZF{AOS( D2).GT.C}) Cb2 '_ CD2 * 2.0 * GT2 * SQRT{ D2) 5SV_41<:,(,O

CDi:_T : (-CC_;) - CU2 55VMIf, 70

C,.,LL h,Ui,_'_t',T (ONE, C_ O, N_NT_, 32.,' r.,_N'[_ GT_ 5_'/I',iG',_0

;r- (IL,_ST .E,_. 1) CALL ST0_E IGT _ D© 5) 5£VP, IAvO

!7,',AuSCI.0 - O).GT.CI) OZ:NT = 0zINT ,. 2.0 * GT '* SQRT(I,0 - 0) 5%VM_7O0

LZ',-NT _ {-DFI_T) 59VM_710

CALL NUMINT {F, ONE, F, N]NT, 33, EFINT, GT) 5SVM1720

_[F (ILAST .EQ. _1 CALL ST014E (GT _ F, 6} 55VM1730
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Subroutine RSSERR !'__) (Deck 55VN) This subroutine computes the
error parameter _ if the calling parameter N is greater than 3 or less
than 8; otherwise, no calculation is made after _ is set to zero.
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000003

000003

0_C083
0GCC_G

0C_0:5

000022
800025

GG00_5

F'uNCT : oN RSSE_ _N) _Vi',C 0 ! 0
5SL!_.,O 623

TF_S AP:TH;AF_.T_C FUNCT._'3N CO:qPUTZS "i'l-iZ SOU,C,F,E _'OoT 0F THZ SU;4 OF" 5_%Vi,,ODS0

THE S,_U:::.,_ZS OF -_Z 7::_,P,F_:_ :.N Tv._: F<ZGU],k,:D %_n_.iETRY CO;,;D'.:T:0NS =3_,L'i,i3(,-,0
55 VN 03"-:' J

CO,NON DATA(|7},, ASSc(5o}_ ORD',50)_ T_FiL_(SO)_ ALC)AO(_.OO0)_ A_{161_,SVNOC_60

, TA8(IOI), GP, GPM2, GPP2_ CG_ OWGP, CONR$ CON(, ILAST, Clo C2

R _ C3, Ri

EQU:VALENCE (_TA( I), _] , _O_T_( 2), 81

_ (DATA( _), C_ , (DATA( _}_ D) _ (0_TA( 5)_ E)

D _ (DAT4(12)_ ININT) , {DAT_(!3)_ ETA_R3) _ (_ATA{L.,)_ ETCO_C)

E _ (OATA(_S)_ PIRZQ) _ (DATA(I6}_ P_ZQ) _ (_AT_(_7|_ GAMMA)

_EST FoR VALID N

R _ 0.0
ZF IN ,LT. _ ,OR. N ,GT, 7) RETURN

DO I !=I,N

R_TURN

ZN_

5_bN0070

5BVN00_O
5qVN00O0
S_VN01CD

5;WN0110
5_VNcI_0

55vN0i30

55v_0_40
5_VN8_SO

5_VN0!70

S£VN0i60

55vN0_90
5_VN0200

55VkC2_0
55VN0220

55VN0230
55VN02_0

5_VN0250
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AA - 002_17C61A_SC - OOGO_CO_ LLOAO ° C_002¢7C0_ O,_TA _ OO0_OCCO_

i - 000040 ORD - G06_03C0_ R - 000037 RSSE_R - G000_

TAG - 002237C01 TABLE - 000_65C0_

STL,_T OF CONSTANT_

000027
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Subroutine b:UXI:IT (UP_ ALOW, SIIiG, NPOiNT, NTYPE, ANS!,ER, GT) (Deck
5_VO). l-he numerical IncegraLs for geometry are evaluate/ -cn_s sus-
roucine which sets ANSWER to the result of the quadrature. The integral
of interest is identified by the value of the parameter NYYPE. The inte-
gration interval ranges from ALOW to UP, and has a singularity Si_'iG at
either UP or ALOW. Ti_e abscissae for the numerical integration are cal-
culated so that they are spaced more closely i.ear the singularity, if
the singularity is at the lower end of the integration interval, the
abscissa spacing is given by

i-l \
fi( u- +

j=l j] (lO)
A_i =

n-i+l

where _u = UP, _ = ALOW, n = NPOiNT - l, and f is given by

: 2 ?.fi+l I

subject to the li _ _" _ ._ "m,_a_lon f < I w_,th #] = 0.01. An analogous spacing
of abscissae is computed by subroutine NUMiNT if the singularity is at
the upper limit of the interval.
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OOGOIO

gOOO_g

coo0;0

oooo_[
o30oo3

CoOii2

OGOl_

006175

005273
050320

0C0_q3

0O0._O7

0j0_;
000_73

000527

0n05oi
0_0613

0_0o-.5

000607

050713
0537_b

650700

C.Ci5i3
061050

001!05

COII_;
501173

001225

00;257

SubROUTINE NUMINT

THe5 SUbrOUTINE

TXEFFTZ PLANE.

COMIRON DATA(17),
A , T_HI!OI), GP,

6 , C3, R1

EQU;VALENCE

A . (_ATA( 3),

S , (OATA( 6},

C , (DATA( q),

O , (DATA(12),

[ * (OATA(_5)t

iUP,ALOw,SING_NPOINT ,NTYP_tANSwERoGT) 55vO00_0

$5V00020
SETS UP NUMERICAL iN_EGRALS Fna G_ONETRY IN _HE 55V00030

5_VO00cO

5_V00050

ABSc(50). O_DISo), TARLE(50), ALOAO{_O00} o AA(16)55VOOG&O

GPM2, GPP2_ CO, OMGP, CONR, CONi, iLAST, C2, CI 55VOQOT0

55V00050

5_VO0090
(OAT_( _), A) , (O_T_( 2 , 5i 55V00100

C) _ (OAT_( _1, O) , (D_TA( 5 , E} SSVO0!iO

F) , (DAT_( 7), G) _ (DATA( g , H) 55V00120

AID , (DATA(_O), MODEl o (flAf_(]1 , NDUMNY) 5_V06130

ININT) . (OATA(13), ETAIRQ) o (DATAI_ , EYAORQ) 55V001_0

PIREQ) , (OATAII6), PO#FQ) o (DATA(17 , GAMNAI 55V00150

55V00160
ARITHMETIC STATEMENT FUNCTIONS 55V00_70

55V00180

HIGHER LEVEL FUNCTIONs FOR THE CASE NTYPE _ _ 55V00190

55VO0200
QC(Z) = (Z-C)*(Z-_.0)/£_T(G-Z)_(F-Z)*e(-GP) 5_V002L0

O_(Z) : (Z-C)_(Z'_.0)IS_RT((Z-A)eZe(G-Z)) 55V00220
GE(Z) = _Z-C)*(Z-_.0)/SG_T((Z-A)eZ)e(Z-D)*eGP_2 5SV00220

55VOo?_0
H_GHER LEVEL FUNCTiONs FOR CASE 6 55vooR50

5SV00260

OH(Z) _ (Z-C)_(Z-I.O)/SQ_T((O-Z)_(H-Z)}*I(E-Z)I(G-7))*'GP 5_VOn270

QI (Z) - (Z-C)*(Z'I.C)/SQRT{(Z'A)_Z_(H'Z))/(G-z)**GP 5_VO02_ 0
OJIZ) = (Z-C)*IZ-I.O)ISO#T((/-A)_Ze(Z-D)}*(Z-F}_GP 55V00290

5£VO0300
HI_ER LEVEL FUNCTIONs FOR T_E CASE NTYPE = 7 SsVO03!O

5SVOOS2O

O_(Z) = (Z-D)e(Z-_.O)_SQRT (G-Z)I((F-Z)_IH-Z))) 55V003]0

ON(Z) • (Z-D)-IZ-t.O)/SQ#T Z_Z-R)*(Z-C)} $5V003_.0

55V00350

: (Z-C)*(Z-_.O)ISQ_TII_-Z)_ID-Z)_F-Z)) S_VO03(_O

: (Z-C)e(Z-_.o)ISO_T(Z*(O-Z)eIF-Z)) 5_V003_0

= (Z-C)°(Z-!.o)ISQRTIZ_(Z-B)*(Z-D)) 55VO0300

= (Z-C)_(Z-F}*(Z-h)ISORT ((£-Z)_Z*(Z-FI_IZ-I.O)*(Z-A!)} SSVO0¢GO

= (Z-CI*IZ-F)_(Z-HIISQRT ((Z-A)_Z*(Z-F)"(Z-I_OI_IZ-_I)) 55V00410

(Z-C)e(Z-F)_(Z-H)ISGRT ((Z-A)_IZ-e)_(E-Z)e(Z-!.O)_LZ-A!))SSVO0420

GAb(Z)

6D_(Z)

OFF(Z)

G3_(Z)

G3_(Z)

GD2(Z)

G£2(Z)

G_I(Z)

OCt(Z)
6G_{Z)

GV_(Z)

GYSIZ)

GYC{Z)

GY0(Z)

GYF(Z}

GYm(Z}
GY!(Z}

Gw_(Z)

IT

=

I:

;I

.?.

I

(Z-C)*(Z-F)_(Z-h)ISO2T (IZ-A)_IZ-_)_Z_(Z-!oOI_IZ-;I))

(Z-C)e{Z-F)e(Z-H}/SQ_T ((Z-A)_(Z-_),7_(Z-E)e(Z-I.O))

(Z-_)e(Z-i.o}/SO_T (Z_(Z-D)*(F-Z})

(Z-B)_(Z-_.oIlSQRT ((Z-A)_(Z-D)*(Z-F}}

(Z-B)e(Z-I.o)/SCRT ((Z-A)*Z*(F-Z))

(Z-B)e(Z-I.oIlSQRT ((Z-A)*Z_(Z-D))

(Z-C)*IZ-E)*(Z-].O)ISQRT (Z-R)_Z_(F-Z)_(H-Z)_(AI-Z))

(Z-C)*IZ-E)_(Z-I.O)ISORT (A-Z)_Z_(F-Z)_(_-Z)*IAi-Z))

(Z-CI*{Z-ZI_IZ-I.O)ISQ_T (A-Z)_Z_IF-Z)_(H-Z)_(AI-Z)}

(Z°C)*(Z-Z)_(Z-I,O}/SORT (Z-A)*(Z-R)e(F-z)e(H-Z)e(_I-Z))
(Z-C)*(Z-E)_(Z-I.O)/SQRT (Z-A)o(Z-_)eZ*(_-Z)_(AI-Z))

(Z-C)_IZ-Z)oIZ-I.O)ISORT (Z-A)e(Z-A}eZe(E-F)*(AI-Z))

(Z-C)*(Z-E}_CZ-I°O)/SORT (Z-A)_(Z-R)_Z*(Z-F)o(Z-H))

QC(Z)/SGRT(-Z)*(D-Z}eeGP_2

5_V0n4S0

5_V00050
55VOo4dO

55VO0470

5sV004_0
55V00_90

56V0_5(>0

55V00510
55VO0520

5_VOc5]0
5SVO05_O

55VO0550

5SVO0500

55V00570
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001303
001330

3013_7

001363
001376

001_15

001_31
Onl_7

OO15O1

601514

061533

001562

Q015_5
OhlO05

001624

O0]b_3

0_1_63

001704
0017!0

001712
001//6

001722

_01126

0_!/32
001736

00!7_2

G0_7_6

001752

001756
0017_2

00i7a3

001172
00177_

002002

002006
0020_2

0020k6

002022

00202_

002032
O020Sb
0020_2

0020_6
0O2652

002656

0020_2

0020_0

002072

002076

on21o2

0_2[0_

002112
002116
002122

002_26

002132

GWOlZ) : OC{Z)/SO_TiZ-A)_{O-Z)**GPM2
G_C(Z} = QC(Z)/SQ_TI(Z-A)oZ)
G_D(Z) m _OtZ)©(F-Z)eO(-Gp)

G#EtZ) : QD(Z)'(Z-D_GPN2

G_F(ZI : U£(Z)/SQNT(G-Z}

GWG<Z) : QE(Z)*{Z-F)©e(-GP}
GU_(Z) : G.(Z)/SQPTI-Z)

6U_(/) : QH(Z)/S_T(Z-_)

GUC(Z) : O] (Z)I(G'Z)_oGP
GuOiZ) _ _I(Z)_IE-Z)_°GP

CUE(Z) : Qi (Z)/Sq#TiZ-f))

6UF(Z) _ QJiZ)/S(_RT(N°Z)

GuG(Z) = QJ(Z)/iZ-G)_GP
GS_(Z) = QN(Z)/SQ_T((R-Z)_(C-ZI)

6SO(Z) _ O_(Z)/S<;RT(Z*(C-Z))

6SCiZ) : _H(Z)/SOPT(Z©(Z-8))

GSDIZ) : ONIZ)_SQ_TI(G-Z)/iH-Z))

65£(Z} = ONiZ)*50_T((Z-G)I{Z-F))

OUM : CUP - aLOw) t FLOAT iNPOINT - 1)

IF (DU_ .LT, Cl) GO TO 50&
IF (NTYPE ,EQ, 4) GT = GAA(S_NG_

IF (_TYPE .EQ. 5) GT _ GL5(SING;

_F (NTYPE ,E_, 6) GT _ GAB(SING)

IF (_TYP£ ,Ei_. 7) GT = GO_{SiNG)
_F (NTYPE .fQ, _) GT = GDDiSiNG)

IF {NTYPE ,EQ, 9l GT : GFF(S_NG)

_F (NTYPE .EQ. 15) GT = GPAISING)

:F (NTYPZ _E_. 16) GT _ GSA(S;_G)

IF (NTYPE ,EQ, !7; GT . G3A(_ING)

IF (NTYPE ,E_. IR} 6T : GD2(S:_G;

I7 (_TYPE .EO, 19) OT = C02(SI_G)

IF (i_TYPE ,E_, 20} GT = GZ2(S:NG)

_F (NTYPE .EQ. 21) 67 : GE2(S:NG)

IF (NTYPE .EC, 22_ 07 = GIi(S[NG)

IF i_TYPE ,EC. 231 GT : G!i(S_;_G)
IF (NTYPE ,EQ. 2_) GT = G_2(SING)

_F iNTYPE ,EQ, 28) G7 = GAH(S_NG)
_F (NTYPE ,EQ, ?W} GT = CCH(S[NG)

IF (_TYPE ,EQ, S0) GT = JCH(S_NG)
IF (NTYPE ,CO, 31) GT : GDHIS_NG)

IF (NTYPZ ,EQ. 32) GT = CDH(SING)

iF (NT_PE .EQ. 33) GT = GFHiSING_

IF {NTYPE .EG. _0) GT = GYAiSI_G)

:F (NTYPE .EQ, _il 6T = GYBtSING)

IF (NTYPE ,EQ. _2) GT = GYC(SIXG}

[_ (_TYPE ,EQ. #3; GT : GYO(SING)
IF (h_TYP_ ,EC, 4_] GT = GYD(S_NG)

IE [NTYPE ,EQ, 45} GT = GYF(S_NG)

IF (NTYPE .E_. _6) GT = GYF(SZNG)

_F iNTYPE ,EO. 471GT : GYHiSIKG_

IF (NTYPE ,EO. _81GT = GYHiSINGI

_F (NTYPE ,EQ. _9) GT = GYI{SiNG)

IF (NTYPE .EQ. 55) GT : GWA(SING)

IF (_TYPE .EQ, 56} GT = C_8(SiNG;

IF (NTYPE .EQ. R7) GT : G_B(SING)

IF (NTYPE ,E_. 5a) GT = GWC(SING)

IF {NTYPE ,EQ, 59) GT • GWO{SING)

55V00530
55_005g0

5%V00600

55900610

5%V00620

55V00630

5SV00640

55V00650

55V00600
5_V00670

SSVOoSCO

5&VO0_gO
5SVOo700

S_VOo71o

5_V00720

5_V00720
6%V00740

55V00750

5%V00760

55V00770

5_VOO7gO
55v00790

5_VOOSO0

55V06810

55V00_20

S%VO_B20
5SVO0_G

5_V03;_50

5SV00S60

5qV00670

55VOo&_O

SSVOoRgo

5_V00900

55VO0910

55V00920
5%V06930

6SVOo_O

5SV00950

6SV00960

5_V00_70

55V00950

55V00990
5SV01000

55V01010

55V01020

5SV0i030

55V01040
5_V01650

55V0}0_0

55V01070
5SVOIoGO

5Sv010_C

5_V01100

5_VOlllO
55V01_20

55V01130

55v011_0

55V0_150
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CI_21_2

0_2152
Ga2ib5

0021o2

002166
002172

_02176

0O22O2
002206

0022_2

002326
002232

0G2226

0022_2
0_22_6
fi02251

002255

602201
O022o5

002267

002270

0fi2275

002?75

002277

002310

on2311

on231_

0G23!7

ca2Z17

082322

002323

002325

0C2327

on2337

0023_0
0023_3
0023_6

062350
002352

G02357

0:;2516

00:}t2_

v62530

0G25_5
G02500

00256_
002577

002_03

ZF (NTyPE
ZF (NTYPE

IF (NTYPE

IF (NTYPE

IF (NTYPE

IF (NTYPE

IF (NTYPE

IF (NTYPE

IF {NTYPE

[F (NTYPE
IF (NTYP_

IF (NTYPE

IF (NTYPE

IF {NTYPE

IF (NTYPE

IF (NTYPE

IF (NTYPE

IF (NTYRE
IF (NTyPE

IF (NTYPE

IF (NTYPE

[F (NTYPE

.EQ. 60 GT : G_IE(SZNG)

• EQ. 61 GT = 6;!F(SZ_G)

• EQ, 62 GT : G_G(SZNG)

•EO. 6_ GT = GUA(SING)

• EQ. 70 GT = GUB(SING}

•EQ. 7) GT - GUB(SING)

•EQ. 72 GT - GUC(SING)

•EQ. 73 GT _ GUD(SING)

•EQ, 7G GT : GUEISING)

•EQ. 75 GT = GUE(SiNG)

.Eu. 76 GT - GuF(SING)

• EQ. 77 GT _ GuF(SING}

• E(_. 78 GT - GI;G(SING)

,EO. _3 GT : GSA(SiNG)

.EO. 8_ GT - GSH(SING)

• E_. _5 GT = GSH(S]NG)

• EQ. _h) GT _ GSC(SING)

• EQ. 87} GT = GSC(SING)

• EQ. 8HI GT : 0.0

• EQ. 89) G_ : GSD(SING)

• Eq, 00) GT © GSD(SiNG)
• EQ. ql) GT • GSE(S|NG)

FF2 = 0.005

FF " FF2 * FF2

IF {(SING - ALOW) .GT. IUP - SING)) GO TO _01
ARSC(I) : ALO_

O0 _00 I=_2,NPOINT

ABSC(I) = ARSC(i-)) * FF * (UP - ABSC(|-_)) I FLOAT(NPOINT-I*I}

FF = FF w. FF

IF (FF .GT. 1.0) FF • 1.0

'_00 CONTINUE

GO TO _03

_O_ A[_SC(N_O'[NT) : UP
DO K,02 _:2,NPO_NT

J _ /',POINT -i * I

K : J * 1

ARSC(J) : ABSC(K) - FF '_ (ABSCiK) - ALOW) I FLOAT(j)

FF _ FF ", FF

IF IFF .GT. !.0) FF : |.0

402 COhT INOE

_03 DO 500 I:I_NPOINT
_R = ARSC{I)
IF (AHS(AR - SING) .LT. FF2 * DUN) GO TO 49g

GO TO (!*!,1,_,5_6,7,_,9_I_I_I,!,1,15,1_17,]R,_9,70_21,22,23,24,

B 49.1,1,1_1,i,55.56,57,58,59_60_6],62,1¢i,I_1,1,1,69,70,71,72,73,

C 7_,75,76,77,78,i,i,i,_.83,8_,85,86.87,88,89,_0_9 ]
Z } , NTYPE

] :;RITZ 16,2) NTYPE

2 FO_t;_T ([H O, 3gH sUBrOuTINE NUNINT CALLED _ITH NTYPE : ,17//)

GO TO 50I

C#DII) : (GAA(AS) - GT) I SQRT(AB)

GO TO _00

50KCII) : IGABiAR) - GT} I SORTIB - AS)

GO TO 500

60R8(1) _ (GAB(AS) - GT) I SQRTIA3 - B)

GO TO 500

70RD(1) - (GDDIAR) - GT) / SORT (D - AS)

55V01)60
55V01170

55V01180

55V01190

5_V01200
5qVOl210

5_V01220

55V01230
55V01240

5_V01250
55V01260

5£V01270
5_V01280

55V0_290

55V01300

5_V01310
55V0i320

55V0t330

55V01340
55V01350

5qV01360
55V01370

55V01380
55V01390

55V01_00
5SVOl4iO

55V01_20

55V01_30
55V01440

5_v01450
5qVOt_60

5qV01470

5qV01_83

52V01493

5%V01503

55V01510
55V01520

55V01530

55V015_0

5qVO1550

55V01560

59V01570

SSVO]580

55V0!590

5SVO180O

5SVO161O
5sV01620

59V01630
52V01640

52VO1650

55V01663
55V01670

5qV01680

SSVOlOgO

52V01700

5qVOlTlO

55V01729

55V01730
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0_2b16
002e22

QO?6_5
On2_l

C02600
Oh2(/3

002677

002712
002/16

002735
0027_7
On21b3

_0216_
On2l/O
on3o03

003007
003022
003026

0n3o_5

003060
0_3oo_

00307T

003103

003116

0D3122
0_313_

O03!WO

003151

003_b5

0(13170

On]/07

on]213

nn3/25
Oo 3_ .t2

on]Fb[

On_J_
on3/lo

003303

003207

00332I
0O3325

003336

003342

On3365

oo33oi

0O3374
003400
0o3_13

003_7
0o3_32

003436

0_3_5t
003455

GO TO 500
80RO(I) : tGDDtAR) - GT) i SoRT (AB - Dt

GO TO 500

GO TO 500

|5 0#0([) : (G2A(AR) - GTI / SONT (AS - a]

GO TO 500

16 ORO{[) = {G3A{AR) - GT) / SORT (R - A_)

GO TO 500

17 0_0(I) = (G3A(AM} - GT) / SO_T t_B - N)

GO TO 500

18 O_C([) = (GD2{AR) - 6T) / SoRT (-AR)

GO TO 500

19 O_D(l : (GDZ(AR) - GT) / SOR_ tAB)

Gh TO 500

20 O_O{i = tGE2(AH) - GT
GO TO 500

210ROtI = (GE2(AR) " GT

G_ TO 500

22 OROtl : (G_I(A_) - GT

GO fo 50o
23 ORO(l : tGII(AR) - GT

GO TO _OO
24 ORD(I = tGI2(AR) - GT

GO TO 500
28 O_DtI : tGAH(AR) - GT

Gn TO 500

29 OPD(l = tGCH(AR) - GT

GO TO 500

30 O#U(l = tGCH(AR} - GT) / SO_T tAB)
GO 70 _00

310_Ot_) : (GDH{AR) - GT) / SQ_T tO - AR)

GQ TO _oo

32 OmOtl) = (GOH(AR) - GT) / SCJ_'I {A8 - D)

GO TO _00
33 O_O{_} = tGFHtAR) - GT) / S_I:[ IF - A5}

G_ TO q00

40 OPO(1) = (GYA(AR) - GTI / S_T (A8 - A)

GO TO qO0

410_C(1) = (GYB(A_) - GT) / SOul {R - AM)

GO TO 50(I
42 OPO([) = (GYCtA6) - GT) / SORT (AS - R)

GO TO 500

_30#Otl) = tGYD(AR) - GT) / SORT t-AS)

GO TO 500
4_ O_Otl) = {GYDIAR) - GT) / SORT (_S)

GO TO 500

_5 0_0(1) = tGYF{AH) - GT) / SO_T (F - AS)

GO TO 500

_60_BIl) = tGYFtAR) - GT) / SORT tAB - F)

GO TO 500

47 O_Otl) : tGYHtAR) - GT) / SORT (H - A_)
GO TO 500

_80_D(1) = (GYH(AR) - GT) / SO_T tAB - H)

GO TO 500

60 TO 500

55 ORBtl) _ (G_AtAR}- GT) / S_RT (AR - A)

/ SORT tE - AS)

I SORT (AB - E)

/ SORT (I.0 - AR)

/ SORT tAR - 1,0)

/ SGRT t_I - AR)

/ SORT lAB - A)

/ SORT t-AR)

55V01740

5%V0i760
5hVO_7/O
5_V01780

5£V0_700
55V0_00

5_V016_0

5%V01020

5_v01£40

5£V01£50

5_V0]£80

5_VOIA70

5_v0!a_0

55VOIAgO

qSVO_QO0

5kvo1_Io

5£vo102o
5£volq3o

55V0]_0

5_VO1Q50

5%V01960
5_V0_970

5_V0_60

5SVO_ggO
5_V02000

5£V02010
5_V02020

_VOP03O
5£V02040

%%VGP050

%%v0?o_o

qqV'02070

%hVO?O90
',_VG?iOO

'_£VOPllO
5%V02120

%_vO?130

5%V021_0

59V02_50
5_V02160

5%V02170
55V02180

5%V02_£0

SSVOppCO

5£V02210
55V02220

5_V02230
5£V022_0

55V02250
55V02260
5BV02270

5_V02280
55VO2290
SSvo?300

55V023i0

]37



003.70
O_bq 7_

_OSbi2

0055_.3

(;03L_a7

0f:3574

003274

Cu3a!l

6 sSGd_,

003c30

C03_3

003 a_;.7

O&LO& l

OC3<_u5

0 i]_J_ 70

0O3702

303715

0_3721

003740

6 ;_3764

003!54

003770
003770

0&4004

004004

004O20

004020

004033

004037

O04O50

03.:,0=.4

0:.4007

004073

OO4106

0_141 "2

004125

004,13t

0O414,4

004150

004102

00.,]06

$,,",42 O !
0042-05

C,O.#0ZO

00.4224

004237

00'_2",3

0,q42_5

0042b6

00_,25_

004263

GO TO

56 0_40 ( I

GO TO

57 ORB ( I

GO TO

58 0R8 ( i

GO TO

59 0_0 { i

GO TO

60 C_O ( 1
GO TO

61 ORS(I

GO TO

62 ORO (

GO TO

69 ORC ( I

GO TO

70 0_3 ( i

GO TO

73. C;_O { 1

iO0

= (GiW_(AB)- GT) I SL_RT (-AB)

5OO

= (GWil

500

= (GWC

SO0

= (GWD

.500

: (GWE

500

: {GwF

500

: {GwG

500

: (GUA

500

= {GUN

500

: {GUd{AH) - GT

AB)- GTI / SGRT (A8)

A8)- GT) e (O - AN) e_ GPN2

AR_- GT_ w (AS - D) ee GPM2

AR)- GT} _ (F - AB) "_ (-GP)

AR)- GT) _ {AB - F) _ I-G?)

AR)- GT) / S_RT (G- AB)

AR) " GT / SQRT(AR - A}

AR) - GT / 5QRT(-AB)

/ SQRT(A_)

GO TO 500

72 ORO{l} : {GUC(AR} - GT

GO TO 500

73 ORD(]} = (GUD(AR) " GT

GO TO 500

74 ORO(I) : IGUE(AR) - GT

GO TO 5O0
75 ORB(I) = (GUE(AR} - GT

GO TO SO0

76 O_CI!) = (GUFIAR) - GT

GO TO 500
77 O#D(I) = (GUFIAR) - GT

GO TO 500

78 OROII) = (GUG(AR) - GT) I SQRTIH - A8)

GO TO 500

83 OROC[) : (GSA(AR| - GT) I SQRT(AR)

GO TO .500
04 O#D{I) : (GSBIAR) - GT) / SGRTI_ - A8)

GO TO 500

85 ORO([) : (GSBIAR) - GT; I SQRT(AB - B)

GQ _0 50O
8a ORO([ : (GSC(AR) - GT) I SQRT(C - AB)

60 TO 500
87 ORD(I : (GSC(AR) - GT) / SQ_T(AR - C)

GO TO .500
88 O_O_l _ GSC(AB) I SflRTIAB-C)

GO TO 500

89 ORS(I = (GSD(A8) - GT; / SQRTIF - AB)

GO TO 500

90 ORD(_ = {GSD(AB} - GT) I SGRT(AB - F)

GO TO 5O0

910RD(I = (GSE(AB) - GT) I SQRT(H - AB)

GO TO 500
499 ORO([ = 0.0

500 CONTINUE

DUMMY _ ABSC(I)

DO 50Z _:_,NPOINT

502 ABSCII) _ ABSC(_} - DUMMY

I SQRTID - AB)

I SQ_T(AR - D)

* (E " AB) *_ GP

* (AB - E) ** G?

/ (AB - G). _ GP

55_02320

55V02330

%_VO23z, O

5_V02350

66VG2360

55VG2370

S6V0.2360
5_V02390

%5V074C0

5_V024i0

5SV02420

SSVO?4SO
59V02440

55V()P450

5%VO?4&$
55VOp470

5%VOp480

5_V02490

55V07500

5£_02510

55V02520

55V02530
5%V02540

55v02550

55V(]25o0

6%V02570

59V02580

5BV0?590

5£V07600

5_VO?6lO

55V02620

5SV02630

5SV()2640
5_V(]2650

BSVO?660
55V()?670

5£Vc)P6dO
5£VO?6gO

5SVOP/O0

55V0?710

5£VG2720

55V02730

55VC2740

5Bv¢:2750

5_VC2760

5_VC,2770
5SV(]2780

56VCPT90

59V62800

6Bv02£!0

55_C2820

5sVC2£30

55VC?R40

59VCP_50

59VC2_60

5BV02S70

5_V02880

55VOP890
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oo_2oa
Go_202
oo_27o

004272
oo_27_

oo_oi
oo_3oI

00_302

004302

503

501

CALL I_51 {A_SC, oRD_ TABLE,

ANS_ZR Q TABLE(_POINT)

IF {ILAST .ZQ, O) BEIURN

DO 503 Im|oNPOINT

ABSC(1) m ABSCII) * DUMMY

REIURN
ANSWER a 0.0

RETURN

NPOINI) 5_VG2900
55V02910

5_V02_20
55V029_0

55V029_0

55V02950

55V02_0

55V02970

55V02950
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SIJ_}vHoGRAM LENGTH

006b15

Fip_CT ION A $5 I G:,.'.'FNT S

G,_A 000274 G_R - 000321 GAM

Gi)O - 000344 GDH - 000714 GO2

OFF - 000366 GFH - 000737 GI2

GSH - 001606 GSC - 001625 GSD

GUA - fl01432 GUB - 00_450 GUC

GuE - 001515 GuF - 001534 GUG

GwH - 001304 6WC - 001331 GwD

GwF - 001377 GWG - 001416 GYA

GYC - 001051 GYD - 001106 GYF

GYI - n01226 611 - 000502 G2A

(_C - 000012 Qo - 0000_2 QE

_i - 000145 QJ - 000176 QM

STATEPENT ASSIGNMENTS

1 - 002516 2 - 004310 4

8 - 002564 7 - 002603

I_ - 0n2660 16 - 002677 17

10 - 002753 20 - 002770 ?I
23 - h03045 24 - 0030b_ 2_

3n - 0031_0 3i - 003155 $2

_0 - 003232 41 - 003251 42

4. - 003325 _5 - 003342 4_

_M - 003417 4g - 003436 55

57 - 0035_2 5_ - 00_527 59

61 - 003574 62 - 003611 &9

7! - 003665 72 - 009702 73

7b - 003754 76 - 003770 77

_ - 00&037 84 - 004054 85

87 - 004131 8B - 004150 89

91 - 00_27_ 400 - 002314 401

_n3 - 0023_0 4q9 - 0042_3 500

5h2 - 004254 503 - 004275

HLOC_ NAMES AND LENGTHS

- 002420

VARIABLE ASSIGNMENTS

A - O00000COl AA - 002217C01AB

AI - O000!OCOI ALOAO - 000247C01R

C1 - 002415C01 D - 003003C0! DATA

DL,_mY - 006514 E - 000004C01F

FF2 - 006506 G " 000006C01GP

GT - 000000 H " 000007C01 1

O - 0D6511 K - 006512 0_0

T_BLE - 000165C01

START OF CONSTANTS

004304

START OF IEMPORARIEs

004317

STAWT OF INDIRECTS

- 000646 GCH - 000670

- 00047_ GE2 - 000530

- 000614 GSA - 001566

001644 GSE - 061864

001467 GUD - 001502

001553 Gw_ - 001260

001350 GWE - 001364

000761 _YR - 001014

001142 AYH - 001174

000410 G3A - 000442

000064 OH - 000113

000227 GN - 000252

002530 _ - 002545

002822 Q - 002041

002716 18 - 002735

003007 ?7 - 003026

003103 2q - C03122

303174 33 - 003213

003?70 43 - 003307

003361 47 - 003400

- 003455 q6 - 003474

003_43 60 - 003557

003630 70 - 0_3647

003721 74 - 003740

004004 78 - 004020

004073 R6 - 004112

004166 _0 - 004205

002317 402 - 002343

004245 _0_ - 004301

006513 ARSC - 00002!C01

000001C01C - 000002C01

000000C01 _UM - 006505

000005C01 FF - 006507

002404C01 6P_2 - 002405C01

006510 ILAST - 002413C01

- 000103C01 TAB - 002237C01

';0



UNuSEO COMPILER SPACE

027200

141



_,C _Z) = (Z-C) ,_ (7- I .3J /$Q,2 _ i.- _:i i, _F°Z) ,:-.e(-GPJ

L

I

L _b"__Z_ = (Z-C; ,_ (Z-1 .") /$_R T ( (n-Z) ,_ (H-Z)) ,_ t (£-Z) / (_-Z) I _,_GP ,

_(Z) = tZ-D) $ (Z-I .0) ,_,_,_T r, (G-Z] / ( {F-Z} _(H-Z) ) ]

¢,_t,', Z) = _,Z-O) $ I.Z-_- ._} I$_._ T (Z_' (Z-,P.,) $ (Z-C)) i

GAA (Z) = (Z-C J • (Z- 1 .5)/$,_ r ( (_, Z_

GA_, (Z) -" (Z-C) ,,, (Z- _.. ,5) / $_,;, T (Z_ (D-Z) ,,', (F -ZI )

r_DI_Z),_(ZmC)_II(Z.I.5}/_._RT (Z#,$(Z_p,},_4(F.Z) }

GFF (Z) = (Z-C) ._ (Z-1 .L_)/$@RT (Z_' (Z-'_ ,* (Z-_) )

i "_'_'(Z):¢Z-C)_'¢Z-F)$_'Z'_/_'C2"_K[Z-AIe(Z-6_'Z_(Z-_'*C'J$(Z'A_.)) i

J_

_,.C,_ (Z) = _,Z-'-'.) ,a (Z-1.5) /.,%1_T _,(Z-A)_Z$¢F-Z, _ I 1

_F'N ,[Z) = (Z -'_) 4, (Z-_..D) /.%_.;.T ([Z-A) ._'Z; (Z-D))

G,t_,(Z_ = d£_C) ._(Z_#') $(Z_I .C_) /$C_T _ (,Z._.) _Et_tF_ _) $(N_Z) #(AI.Z) )

GrG _,Z) = (Z-C) $ (Z-r) ,_ (Z-_, .3) I:._T ((A-Z) _z$(F'-z) _(H-Z) ,e,,(A _. =Z) )

_.YC4Z)=tZ-C._,_{Z-_.)$(Z-I.:-.,_/_C_T((A-Z)t.Z_(F-Z),_H-Z)_(_I-Z)) ]

iYGIZ):iZ-C)_IZ-F)._,IZ-1.D)I_C_2T(IZ-A)_Z-_}I_F-Z)Ii_-Z)_.IAI-Z]) I
_-..--)

_YI"_Z)=_Z-C)*;{Z-;'..$(Z-I._)t_;.Tt(Z-A)_{Z-_)_Z_{H-.)_[AJ-Z)} ,

G'_ (Z) = (Z-C) • (Z-_") _¢ {Z-1 .D) /$C,_ T ((Z-A) • (Z-,._) _Z$ (Z-F) ,_ (A 1 -Z) J

1
G_'I _,Z) = (Z-£.) • (Z-E.) _, (Z-z ._) /$.C.2.T ((Z-A) • (Z-E,_ ,UZ$(Z-F) _, (Z-_) ) I

_Z) ='w_. (Z_ /,,$G2T ( _Z-A] sZ]

G_.:D(Z)=&D(Z)_,(F-z)_.*(-;.,P} 1

¢.,.t¢,F"_Z) =t..E (Z) /,;,_T (_.Z)

L _,WG (Z_ =_E (Z} $ (Z-F;, $$ (-_,P)
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J "L " J - "I _L .......

--i J 1 J

(- __.

h
I . r.r: _._, (:.i r-x._.

_;_._.o_ t__._,,r _L,,i

i

_r_,_,_ ;r;a_:_;_ _-_.;-_

l "i

/

,..1.-_.

i il

FFZ=E_'DF'S ! (_ING-ALC._'_ ,QT. (UP-_I_)
A_=,C (1) =A.Qd

I "_' 1

R_-PEk T TO _D2

FOR

1=2,2+! _.. • ,NPOI Hl"
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_F_FF_FF

COMPUTED GO TO

TRANSFER
TO

STATEMENT

1
l
l
4
5
6
7
8
9
!
l
l
l
1

15
16
17
IS
i9
2O
21
22
23
24

l
l
l

28
29
3O
3!
32
33

i
i
3
I

l

l
l

4O
41

43
44

r,,o _o i
: 49_)

h I

I-F THE VALUE
OF NTYPE

IS

l
2
3
4
5
6
7
8
9

lO
II
12
13
14
15
16
17
!8
19
2O
21
22
23
24
25
25
27
28
29
3O
31
32
33
34

Q,-

37
3-3
39
4O
41
42
43

. 44
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_:-L)

47
48
49
5O

52
53
54
55
56
57
58
59
6O
6l
62
oo

L) ,%

O0

55

67
63
69
70
"7--
/!

72
73
74
75
75
77
78
79
80
Sl
82
r'_'h

oo

85
87
88
89
9O
9i

V V 45
46
47
48
49

l
l
l
l
"I
I

55
56
57
58
59
60
61
62

l
l
l
i
l
l

69
70
71
72
73
74
75
76
77
78

'I
I

l
l
l

83
84
85
86
87
88
8.g
9O
91

F--T-l,, ,

'- i
•--_----'._ _ T,_ _'_ i J L .......................... J
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I_°'I'='°"'A°_'°"'"'"_°-'__H°°'°_°_'I

[_°,_,_._.,.°,-°,_.°°_,,_°-°,___°_°_I

_ ]
k D(|):(G_I(A_)-GT)/$_RT[A_-I._) GO TO 5_ I

' Y-_ 1 l°_°'_=_°_A°_-°'_'_'"°'_--__'°_°°l

ORD,[I}--(G.OH(AB)-.gT_/$_RT(AB-_} _0 TO 5,0_,

i

148



F-_- 1

.J

FT_
O_O([):-(GYC(A_)-GT)/_eRT(A[_-R) GO TO ._D i

.-_GO TO sr_c, l

r-_,--7
I_°"'_'°__°'-°"':°°"_°'_ _'°_°°I

r _

t," I

L ! Cr_O ( I } _" (61"_" {A_ ) ° GT) I (A_'F} '_* ( "GP ) J i
i
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J

4
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,._J

u_

_J

L3

,.3
.4J
f_b

N_

L._

CD
c_'.:

:D
£z3

Z.

c3
_J

>-
,I1

.,L:

Z

_Z_

G

_-_U_
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O000Q_

0o0o0_

0_0004

O00OO_

000005

000007
O000L2
O000L2

0000_5
000040

0000_0
0000_3

000053
000003

OOOOb3
00000_

SUBROUTINE INVERT (JUMP, N) 55VPOoiO

5_VPOO20

THIS SUBROUTINE PRINTS EACH NEW INFLUENCE NAT#IX JuST AFTER IT IS 55vPOO30

CALCULATED_ AND THEN CALLS THE STAr;DARD DOUGLAS SURROUTINE THAT 55VPOG_;O

SOLVES LINEAR, SIMULTANEOUS EQUATIONS (SUBROUTINE _ISI). 55VPo050

5_VPo060

COMHON OATA(17), ABSC(50), ORD(50), TABLE(50), ALOAD(IO00}, AA(16)SSVPO070

A , T_B(I01), GP, GPM2, 6PP21 CG, OMGR, CONR, CONI, ILAST, Clo C2

B , C3, RI

DIMENSION CHAN(7,7)t CHI(7)

EQUIVALENCE (ALOAD(II]}, CNAN) , (ALOAO(163), CHI)

SCALE = 1.0

IF {JUMP .NE. l} GO TO

_dRITE (6,1)

i FOX_AT (IH)

O0 2 I-I,N

2 wRITE (b,3) (CHAN(J*I),JII,N)

3 FORMAT {3X, 7F8.3)

_RITE (6,1)

CALL MISt (CHAN, Np ?_ CHI_ I* NERRw SCALE)

IF (NEAR ,EQ. 1) _RiTE (6,5)

5 FORMAT (IM O, 3X, 20H MATRIX i5 SINGULAR //)

RETURN
END

55VP0080

55VP0093
55VP0100

5SVPOIIO

55VP0320
55VP0130

55VP0;40
55V#0;50
55VP0_60

55VP0170

5_VPOISO

55V_01_0

55V_0200

55VPo310

55VP0220

55VP0230
55VP0240

5sV#0250
55VPo26G
55VP0270
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SU[_tkOGkAM LENGTH

000i15

FuNCTIO_ _SS_G_E_TS

5TAT_P_r,T _SS_GNMENTS

- 000071 3 - 000073 4 - 0000_3 5

RLOC_ NA_ES AND LENGTHS
- 002450

VLRIASLE A5S_GN_ENTS

AA 002217C01 ARSC - 00G02!C01 ALOAD - 000747C01CHAN

C_I O005_COl DATA - O000OOC0! i - 000_2 J

;,E_ - 000114 ORO - O00103COl SCALE - 000_11 TAB

T_i_LE 000165C0_

START OF CONSTANTS

000066

5T_,_T OF TEMPOR_AIES

000105

5TA,_T OF INOIRECT5

0oo111

U_USS0 COmpILER sPACE

- GO0100

- 000427C01

- 000113
- 002237C0]
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L_C_r___]
F

J

I " F \ _, _ I /

TF (6,_,) tCNAN(.J,I:, ,.J=:L ,N) _.,,.[ _:*_*o,*_ -\_.._,_,,,_,_,.:_,_/

/
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_wRL TC (6,5) U i
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Subroutine MISI (#,_ _iOD, 3, i,I_ ilERR, D) (Deck 55VQ) ...... W _,' _'_,,._an_r

of the Scientific Computer Programming Group completed this subrouline on
August 13, 1963 for the Douglas Aircraft Company's subroutine library.
The matrix equation AC = B is solved for C. A is transforr_ed to a ur_i_
maLrix through row transformations that are applied to both A and B. This
operation transforms B into C. The error flag NERR is l if A is sir, gu_r
and 0 if A is not singular.
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_000.0

0000;I

000a_2

0:50ni6

0n00[l

_0_020

G,;DDI4

000032

O00835

O0003b

00_0_2

03u044

0(;0Oh0

000055

00C056

00CGO0

000QO4

SUIRUUTINE NI%I I A_ N, NOO_ B, M, NE_. D }

TH_S Si,k_I4OuTIr,_F_ ,_AS CG_PLETF_D MY %4. W. W&GNF. D ON "6113163 FO;4 TNE

DC_bGLAS SU_iNOUTINF LIBPARY.

_NvE_T A _ATn]x _NOlOq SCLVZ S]_ULT_NEOU5 EOII_TIONs

A : hA_[ OF INPUT NATRIX_ 0:_NSIONED _{ND_)

h : nAME CF OUTP_iT MATM;_, OIMENSIONED RiND,NO)

( a(ND) IS ALLO_ED IF M:I )

0 = SCALE FACTOR FOR VALUE OF DETERMINANT (_1,_ FOR NO SCALING)

OUTPUT,

A{I,J} = GARHAG_

D _ SCALED VALUE OF DETER_!NANT

EP_[)N = O--OK, I''A IS SINGULAR

DIMENSION A{I), Nil)

EC;blVALZNC6 (I,FI), (K,FK)

ND = N_D

START _E_ucTIoN OF MATRIX A

20

25

SEARCH FOR MAXIMU_ ELEMENT IN ITH ROW GF A-MATRIX

AI_H;X = A{I)

IJWAX = i

DO 25 J=2,N

[J = I ÷ {J-I)_NI)

_F i ABS ( AIIJ) )

IJPAX = IJ

CONTINUE

- ABS ( AIJMAX ) } 7_,PS,2D

;F AIJMAX IS ZERO, THE MATRIX IS SINGULAR

IF (AIj_AX) 30,g99,30

NORMALIZE ITH Rhw BY AIJMAX • IJMAX ELENENT O_ IIH ROW

30 DO 35 J=I,N

iJ = I * (J-I)_ND

35 A(IJ) = A_IJ)IAIJMAX

0 = D _ AIJ_AX

_0

NOrmALIZE ITH now OF S

DO 40 J=_,N

Id _ _ • (J-I)eND

6(!Jl = 8(_J)/A[JM_X

U5_ R0k; TRANSFORNAT:ONS TO GET ZEROS AROVZ AND _ELn_ THE Ij_AX

_L_NT OF TH_ ITH ROW OF _, APPLY SANE _OW T_ANSFOPM&TIONS

TO T_E a M_TNIX,

S'%q h ?,c_2 O

S%V_:o040

5_,v<;OO50

%qVQht, 70

5qV<;.3h_ ;

5_,b Nno_,O

5_v_,_0l O0

%_vsoIIO

5_vc> r) '} 20

5qVN_ 130

S%V;;01_0

_V,_h ! 50

%qV(_1 [ C/O

5q v.,.,O p2 S

L,£ V i:3,1 ? 30

5£V(,L_ ? _, 0

_VGoP&O

'-, _-V c, C,? 7 0

5qVC_SRc_0

5Sv_;OSO0

%_V_;c_320

5_,,;C 0S30

Sg._QO3._0

=,_Vu _t350

5RVN_]o0

55V60370

5GvCa,] ]q 0

5_VC C,,.SO

5 _",'_'" 0 4 i 0

5 _V C.,3-,20

'_,'S £ :; 6 ":,,30

_ c,V (_,C_440

5 ,:, ',' ,,, C,,.:, 5 0

5_,V Q C,<.6 C

5_Vi_0._70

55VC_o_g0

5qV,]o4c, 0

5qV_)050O

5"W Q 0510

bgV_c_526

56VQ3530

5:-_VC.05. O

5qVd0550

55vc. oSc, O

55VQ0570

]5O



noooTl

000o12

onoo74

000077

otolo/

oo_lo]

0o61o_

hqo_o¢

hnhlln

oncl[5

0ooi17

OOOid2

00012_

OOO125

0n01_t

ono131

000136

00Ol_0

.OGOI_3

OOOi_6

000150

OOOlb4

000156

000157

000103

000lb5

008176

000172

C0Gl7]

0O0175

000200

000203

000205

000206

D0 70 K=_,N

IF (K-I) 50,70,_0

50 KjWAX = IJ_AX • (K-E) ,

A_T = -AIKJMAX)

KJ = K

IJ = [

UO 60 J=I,N

IF (A(IJ)I 55,5_,55

55 A(KJ) = A_AT_AIIJ) * A(KJ)

5S Kj = Kj * ND

60 IJ = IJ • NO

A(KJ_AX) = O,O

KJ = K

Ij = I

Oh hq J=I,M

IF (H(IJ}) h_,68.65

65 8(Kj) = ARAT_H(IJ) • R(KJ)

6R Kj = KJ * NO

69 IJ = [j * ND

70 CONTINUE

KJ = [jMAX - I*I

STCRE _0_ COUNTFR (1) IN TOP ELEMENT OF IJMAW CQLUPN. THUS,

T_E TOP ROw OF A WILL CONTAIN THE LOC OF THE PIVOT (uNITY)

ELEMENT OF EACH COLUMN (AFTER REnUCTION),

90 A(KJ) = F(

IMIS £fONES INTEGER [ IN TOP ROW OF A

THE REOUCTION OF A IS NOw COMPLETE, PERFORM POW INTERCHANGES

AS INOICATED IN THE FIRST ROW OF A,

DO 100 I:I,N

K - I

93 [I : K*ND - ND * I

EK _ A{ll)

THIS PuTs THE INTEGER VALUE IN A INTO K

if (K-I) g3,100,_5

IF K=A(II) IS LESS THAN i_ THEN THAT ROW HAS AL#ELDY BEEN

:NVOLVEO IN AN _NTERCHANGE, AND wE USE K=AIK} UNI_L WE GET

A VALUE OF K GREATER THAN i (CORRESPONDING TO A nOW STOUED

UELOw THE ITH ROw, (CLEAR AS MUD)

95 IJ = I

IK = K

00 99 J=l,M

A_T = B(IJ}

B(IJ} : H(IK}

B(IK) = ARAT

IJ : IJ • ND

g9 [K : IK • ND

KEEP TRACK OF SIGN OF OETETNINANT

5£vQnscO

95v_;C5£0

59VQqAOO

5Svcn_20

%_vQ0630

5KVQO6_O

5_v,)n_50

_VQG6bO

q_vQp870

5qVO04_O

5SI¢(_0_90

59VQn700

%_V_0710

59Y'<_0720

%_v0_730

5_VQGT40

R_VG0750

5sv,;n7_o

s_v'c_n77o

9<v<_7co

5_VQ0790

%_vqn_OO

%_vc_n820

£_VCO_O

S_,VCN_%0

5_q(]G4gO

5hVCcA7G

b_VC;fiAgO

5Svc_0900

K4_qhg_0

5RVQ3q?_

SgVQOWSC

Sgv(tG_40

5_V[_GQSJ

5_VQ0_30

S_VC}n_To

5_Vq098C

5_VGOggO

5_VC,]COO

5_'-'Oi_iO

5£VC1020

5_V01050

5£VOlO<O

5%V01050

5_VC1063

5£VG!070

55VOloSO

5£VG]090

5sv(a1100

55VQi110

55VQ1120

SsVQli30

5_V01140

55VQII50

IGl



OGG2I_

0002:2

000215

0002i5

i00

999

N6RR •

ENO

55VOllS6

6_vQIITO

55V011S0

55VOllgO

5&VGI2UO

162



5UC_P_CGNAM LENGTH

000251

FuNC!ION AssiGNNE_T S

STATEMENT ASSIGNMENTS

In - 000012 20 - 000032

50 - 000074 55 - 0001_0

6S - 000136 70 - 000143

100 - 000212 999 - 000215

BLOC_ NAMES AND LENGTHS

VARIABLE ASSIGNmEnTS

A[J_AA - 000240 ARAT - 000245

FK - 000236 I - 000235

IK - 000250 iI - 000247

KJ - 000246 KJMAX - 000244

START OF CONSTANTS

000220

STX_T OF T6MpORA_IES
000221

START OF INDIRECTS

00023_

UNUS&O COMPILER s#ACE

o42aoo

25

58

93

D

IJ

J

ND

- 000036

- 000_15

- 000157

- 000000

- 000243

- 000242

- 000237

30 - 000042

65 - 000131

g5 - 000170

FI - 000235

TJNAX - O002_i
K - 000236
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I_=l

F_o--_ [L-x[]
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Lj

_4

L._j

:.5

w.

5_

L_

c_ _ ,._- ,_. _._ _-_ ag._ _ _ _ __._ _

x



Subroutine C0MPAT (Deck 55VR). The mapping constants (or potentials)
are forced to monotonically increasing status by this subroutine according
1o the algorithim:

If Pj+l > Pj ' Pj+l = Pj+l (12)

<

If Pj+l - Pj ' Pj+l = Pj + constant (13)

The value of the constant is computing machine dependent and is very small.
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_CC2

L .C,_L L,

C..';_,.L-,0

ECUZVALZNCE

O , _SATAII2)_ IN:NT) , (_YL(13)_ ETA!RQ) _ (oATA(_¢)_ £TACRQ)

PIRZQ) , (O_T_(16)_ POREQ) _ (D_TA(_7), G_NNA)

K :'3

_ h : N ,, 1
":.:N÷ !

3., _ N _ I

L;; '.S_,.TA(i',I) ,L_, D,_TA{_}) DAT,%(_._,I) _ D_.'w'._:, * C l
5 CC_,i" !NUF.

RE'_U_N

ZN0

i68
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1
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p,,._

--.2

LI

L'_,

Z
2"i.

r_

"S:

c_(

_2

0 _.,5

J

423

•,.; ,,.,, ,,..:

_..3 • _ ,.....4 L3

(..._ _J L:..J _.3

,::.. _ c.,

LL_

-..j.
..J

<...:

_...j

'I..U

L.LJ

k.,,-

LL]

2-- .Zj 5.J Z.Z

L,.J q.; IJ.J ,...J Lz.2,

•._ _ ,% c. : .z._ _ _ _...:.. ',-- _.-.-.

:..Z uS Z.3 L.Z t:: :.5. "_ --_1 .-._"_L. :_ _, L.Z

.,J

ZZ" >- _, .2..:
__. -...L k,_, ',..t.J

_ L3 ,__.., r__ --_ <.: ._: ,:_ ,L.) CJ ,._ L..3

-_ <.i

;...4_

541--,

,,q

£./'_ ,-...4

z

•4.'[ ,i..3
L._ ._Z,

-_:: £Z

*--_ L.. r"

:m

,..0 _j .__: _ _'% .,...4

Z'C _ _ Z_ .- .:" ,.7. LT.. ,_.

-..

":_ .... : £ .2_' <-.Z _-J

---., _ L:.. _ _ _- "--.Z

<.:'% '.Z :._ c.. <_ "-".., ,:::3 >.- _.._ rm c._ c_ .::_ r_.
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_'..:3rot:_::qe S._,-..: _,..:;_. :o_-,=L) (_eck 55;/S;. The tabular results
,_u -_ on for mistar, ces in the re_l plaLe are trans-

for,::ed, except for sign and sca.e ze:_o_ into tables of potential versus
coordinate in the re_] p.'ane. A term ana,ogous to the second term on t.:e
. ,_,q_ s4de of _<u&_io: _. (5) is added to e&ci_ of the ordinates before t?.ey
_._ scorem in the _0,-,_ array. T_e abscissae are sLore£ In ALOAD v;Ithout
change. The first hundred locations in the ALOAD arrey are assigned to
_ne _, results for the first r,_meric_l integration, the second hun-
dred %o results for the secor_d numerical integration, etc.
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000005

000005

0000G5

000:52

060153

0_0155
OOOloO

00010[
6031u5
6u0107

600201

SUSROUTINE STORE (GT,sING,ICALL} 5KVSO0!O
LS'.'SOOPO

THIS SUgROUTINE sTOR_s ZETA (_OTENTiAL) VERSII£ _tSSC_SSA _Z-CCGg3-Sg'#ScOS]
IN;TE) IN T_-_E ALOAO ARRAY SO THAT LOAD D:ST_mUT!ON CAN BE CALCU- 5%vS(,040

LATED FRON T_E DATA ;N THE ALOUD _RAY ONLY 55VS6050

5%VSOO&O
COMMON DAT,_[_7), ASSC(_O;_ O_DCSG;_ TARL_ISO)_ ALO_D(lOO0_ _A(16)SSVS_070

, TAG(!011, GP, OWN2, GPiuP_ CG_ G,4GP, CQ,<A_ CONI_ IL4ST, CI_ CP

_ C3_ RI

LOGICAL 5_S_ SH;

ZF (_C4LL ,GT, 10) CO TO ii

:X_ _ 100 v CZCALL - i}

ZF (_T'(PZ ,KE. 5) GO TO :
ZF ([C_LL oGf, & ,_NO, _C_LL ,LE, 7) SRS = ,F_LSE.

60 TO ?

I 1_ (_;TY_E ,kZ. 61 GO To 2
:F (:C_LL ,GE. 6 ,AN_. ;CALL ,LZ. 91 SRS : .F_LSE.

_E (A5SC_2) ,GT, S_NG) SHi _ .F_LSZ,
CO 3 _I_NINT
J : : _ IAR

3 _,LC;.C_J) = A_;SC(_)
_;: {+NOT° SRS) GO TO 4

TxOGT = 2.0 e GT

ZF (SH_) OU;41 _ SQ_T(S_NG - A_SC(_))
60 TO 7

iF (kTYPE .EQ. O) 60 TO 5

:F ([CxLL ,EQ. 4 _GR° ICALL .ZQ_ 5) A_XP = G_?
ZF (iCALL ,EQ. 6 ,OR, _cA_g oZQ, 7) xZX_ _ _-8P}

GO TO G
5 [F (:C.LL oEC, _ °OR. :CALL ,EGo 7) AEXP = GP

IF (_CALL _ZQ, g oOR, _CALL ,EG, 9) AEXP = (-GPi

6 AZxP = _EXP _ _°0
CoEF = 6T / _EXP

ZF (S_ DUN! = {SING - _5SC_I)} o_ AZXP

7 I_8 = [AS , 50

ENTER CALCULATION ANG STORAGE LOOP

CO _0 :=I_:NZNT

OU_ = AOS(S:NG - A_Sci;)_

Z7 (Sm:) GO TO ;_

ALCAO{j) = TASLE(:;

:F (GU_I .LTo Cl) GO TO 10

iF {.NOT. SRS) ALG;D(J) _ TABLE(T) * COZ7 e h[;#: u_ -CAR

_F ( SRS) ALOADij) = TABLE(I) * T_OGT _ SQ#T(OJA)

6gVS06_O

:_gVSoo£O
5_V50i00

';gVght10
:.-;V£ "_

bgVS....

55V:iL..3
C<'./2LCg

s_vs:: 1,_
ggvs;,i..3

CgVS;}LCO
5£VSoPO_
E_VSo2:6

SflVSG?20

6_VSGRSO
_VS0240
55VS0253

55VSjEJO
5_V50270

b_VSD?_O
S£V56290

5SVSG300
5gVSosIO
55VS0320

SSvsos30
6_VSOSCC

5_VSoSSO
5%VSGsO0

SoVSosTO

S_VScggO
5_V56390

6_VS0400

SqVS9420

5_V_G4SO
5£VS0040

5_dSO_,50
5%V504_0

55VS0470
56VS0480
55VS0490

_VSOSOO

ssvgo510

55V50520
55V50530
£_V505#3
5£V50563

55VS0560

55VS0570
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C.,,_2- 3

L;J_2L5

O002LJ

00_2-5

(,.,_233

( 002<,3

_.00255

OOO25Q

00026,_

50O236

,900266

0002_7

G3 TO _0
G DUW2 = 0°0

i/ (DU_ ,LT, CI) GO TO 9

IF (.NOT, SRS) OU_2 = OU_ *_ AZXP
]7 { SRS) DGH2 = S_T;DUN)

9 ZF (,NOT, 5RS) .L_AD(J} = TAMLE(I) • COEF * (OURI - DU_2}

]7 C SRS) ALOAD_J) = TABLe(1) • TWOGT * (DUMI - DU_2)

_0 CO;'<T_NUE
N_TURN

1! :!RITZ (@,12) ZCALL, SING

12 FO_NAT (iHO, 2X, 31N **_ S_BROUTINE STORE ICALL

RETURN

55VS0580
55VS0_90

55VS0600

55VS0610

55VS0520

55vs0630
55VS06_0

5_VS0650

55VS0660

55VSO&70

,I?_5X_F20,B/)55VSO660

5_vs0690

55V50700

'I ')_7._



S u :._ ;i0 GR,:,N LENGTH

{,00357

7uNCTiON ASS:GNNENTS

6LGCK NANEg A;<D LENGTHS

OO2_20

.... uL_. ASS:GN; shTS

C.&221:'C,.;], ,:.;:;SC - ,,Cu,:,,:::Co:, _d ',-',_ - C: ,7,-:S ::_CAD _ CCC:...7CGI

CGSF _,GC2,14 C: - c:::'.:.-..CO_, G,.'(;, - _ ..... C.:. g_,, - ,.,:LS:._

- 600327 :.._, - 050326 :;,:/;7 - _OOdtgCal c • 555110.

b;T','P_- - 003012C0! ORD - OGGi.3.SCG: S;-i: - 600!,25 S.:,':-.; - 666.i2'4.
T.i3 - 002237C01 TABLE - 0G0!_5C0: T,.OG_ - ,:,_033_.

G;'_a7 OF CONSTANTS

00_27;

-_ ag, OF 7E_POag,'aIES
(,vO_05

ST.',i-_T OF ;ND:REGTS

bT,Ug::S GG;',P;_ER sP_CE
0_23G0
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§ubrout!ne POTOUT (_ec_< 55VT) The potentials (mapping constants)
are written in exponential--format by this subroutine,

=

180



GOOQ02

0C0002

C000o_

COOt21
OO0033

c0o033
0o0034

6u60_6

0000_6
CCO0_?

COOG61

000C6:

0O0062
000074

000074
000075

SUBROUT _NE PGTGUT 5sVTcci0

%gVT0020
THZS SuRROuTZNZ L'RZTES OU7 YHE CONSTANTS OF THE SCN_ARZ- 5gVTC330
CH_STOFFEL IRANSFQRNAT_ON IN EXPONENTIAL FO_N_T 5_VTo_40

5sVTo050

CO_ON OATA(|7), _SC(50)_ O_O(50), TARLE(50)o ALO_OIICOO)_ _A{_6)SsVToCOO

A , TAB(IoI)t OR, OPN2o OPP2_ COt ONGP, CONR, CON(, iLAST, C!i C2 55VToo70

R , C3, R! SsVToo80

EQUIVALENCE

A 9 (OATA{ 3)_

, (DATA( 6)_

C , (DATA( £),

D , (DATA(12)t

E _ (DATA(15)t

C} , (OAT_( _), D) , (D_TA( 5), E)

F) , |DATA( 7)_ G_ _ (DATA( _), H3

_:) , (n&TA(_O)_ NODE; _ (DATA(t_), NTYPE)

]NINT) , (DATA(13), ET_I_O) _ (DATA(I4}, EY&O_C)

PIR_Q) , (DATA(16}_ BOREG) , (DATA(_7)_ GANNA)

5£VT0090
56VT_]OO

SsVT0_:0
5_VT0_2O

5£VT0_30
5_VTc:_O

5_VTo:So

56VTcI60

5_V73_76_RITC (6,I}

1 FORMAT (IHo_ 37_, 6CH TRANSFORMATION CONSTANTS _N E_PONENTIAL FO_NSsVTo_O

£5Y702C0

"_V';c2:C
_V70223

55VTC2_0

E._vT_2_O
£_VTcz50

S_,VT_2L_

S_V7_270

LO_TC2dO

SsVT_2SO

SSVToSO0

5SVTo3_O

55VT0320

AAT II)

GO TO (2, 4_ 2_ 4_ 6, 8_ _ , NTyPE

2 uR!TE (6_3I (DATA(]},_=_G)

RETURN

5 FORMAT (iN , 3ZIG,g_ 2( Eg.l, 2E16,8) //}

RETURN

7 FORN_T (iN _ IX, 7E_,_ //}
RETUI_N

B _;TE (6,9) (DATA([},_=I,_)

9 FO_N_T (iN _ |X, &Z%Q.8 ll)

RETURN

END
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S_)II'))(GG_ AM LF.NG'TH

OO0_J_

FuNCIIO_ ASS_INNEhT5

5TATLPKhT ASSIGNMENt5

1 - (_O%Ol 2 - 00002l 3 - DO011|

5 - _ooI)5 6 - 000047 7 - 0001Z_

9 - O001Pa

HLOC_ NAMk% _t(]) L.ENOTHS

- 002_20

VLRIA_IL_ A_SI(,N_FN_S

,_A - 002217C01 AHSC - 00002IC_I AI.OAIJ - 000?4?CDI DATA

| 0(}0lJ5 NTYP[ - 0000l_C01 0)(i} - O001O3C01 TAR

FAH_ 0001_5C01

_,TAHI OF CONSTANT5

';TAN{ OF T_MPOHA_FS

_)NU',).U ('(}MI"II.EH sPACE

- OhOOOOCOl

- O0_J7COl
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D n _ QT _ U' _\Subroutine _,_,_,.... (_eck This subroutine evaluates induced
d'fa_ _" C_''-"!'_'; ...._ ' _,,77_ ' r "<, :....... _ a,_ -_as oac a summary of 'ao-_n geometry and i_-,duced

_s,o_s .dentica] to ci;osa to evaluate geo_le'&,-y i,, _n_ r_: p _,,_t/_{: _ . , •

,,,e induced drag integrals between limits that correspond to ver_ca,
section of the wake are zero, since Munk's criterion (Figure l) specifies
zero velocity normal to such surfaces.
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0G0002

000002

000002

000002

000002

0¢OOO2

OOOO0_
000004

000016"

0G0020

000033

000033

000063

000065

000074

0_0110

000117

000133

000142

00O156

000_51
000154

000200

SUBROUTINE DRAG( 5_VUO010

55VU0020

THIS SURROUT!NE EVALUATES INOUCEn DRAG AFTER cONFIGURATIoN _;U_030

_ITOMET;)Y IS ES_Ab=.S,,cO 5_VUO040

5_VUO050

DIMENSION AT()b) 55VU0060

55vUOOVO
COMHON OATA(17), ASSC(_O), 0_D(50), TARLE(50)_ ALOAD(IO00), AA(16)55VHo050

A , TAH(IoI)t GP, GPM2, GPP2, CGo 3MGP, COWR, CON1, ILAST, C2, C!

R , C3, R1
C

EQUIVALENCE (DATA( i), A) , (DATA(2), 5)

A , {OAT_( 3), C) , (DATA( 4), D) , (OATA( 5), Z)

B , (DATA( 6)t F) , (OATA( 7)t _) , (DATA( R), H)

C , (DATA( 9)+ AT) + (OATA(10)_ MOOE) , (DATAI_I), NTYPE)
D , (OATA(12), ININT) , (OATA(!3), ETAIRQ) , (DATA(14), ETAORQ)

E , (DATA(15I, PIREQ) , (DATA(|6), PoREQ) , (DATA(17)o GAMMA)

EQUIVALENCE (AA,A|)

C

DATA ZERO, ONE, twOBPl / 0,0, l,O, 0,63661977 /
C

MINT - ININT

60 TO

I _IRITE (6,2) (DATA(1),(,1,9)

2 FORMAT (IHo, 2X, 40 H SUHPOU?INE DRAGS. THIS PASS REJECTFD. /

A 2X, gEl3.4 )

REtUrN

4 _TEST : I
C

C TRANSFER 10 CODING FOR SPECIFIC CONFIGURATION

C

GO TO ( 5, 6_ 7, 8+ g, I0, _I) , NTYPE

5 CONTINUE

C

C Wl_G WITH ONE PYLON
C

IF (R .GE. 0.0 .AND. C .GE. B .AND. D .GE. C .AND. 0 ,LE. I+O

A .AND, F .GE. 1.0) ITEST - 0
_F (!TEST .EQ. 1) 60 TO I

C

C INTEGRAL FROM A TO B

C

C_LL NUM | Bt A, Bt NINT, I+ ABINT, GT )

_F(A_S(H - Ai,GT,C_) ARZNT = A_NT + 2,0 _ GT _ SQRT(B - A)
C_LL NUM ( ONE_ 09 O, NZNT, 2_ DEINT_ GT )

!F(ABS(ONE - D).GT.C I) OEINT : DEINT + 2.0 o GT * SQRT(ONE - D)

CALL NUN ( . F, ONZ_ F, NINT, 3_ EF_NT, GT )

IF(ABS(F - ONE).GT+CI) EFINT # EFINT + 2.0 * GT _ SQRTiF - ONE)

A]{5) : DEINT + EFINT - A_ZNT

EFF : TWO_PI _ Al(5) / (Al_lO)) ** 2

wRITE (6,12} (A!(1) , I=1_0) , EFF

12 FORMAT ¢_H / 38X+ 20_ CLOSURE INTEGRAL (PYLON) -

A / 39×. 27H CLOSURE INTEGRAL (WING)

R // 39x, 27H PYLON SE_ISPAN LOCATION •

C / 38X, 2GH PYLON LENGTH (SENISPAN_)

O II 41X, 25H INDUCED DRAG INTEGRAL .

E // 42X+ 24M 01STANCE FROM A TO 8 -

,F!6,8

,Fl6,a

,F16.8

,F16,8

,FIb. B

,F16.8

55VU0090

5SVUoI00

5%VU0110

55VU0120

55VU0130

55VU0140

55vu0150
65VU0160

55VU0170
55VU01£0

5%VU0_90
5qVU0200

SSVU02tO

5_VU0220
55VU0230

55Vu0240

55VU0250
55VUo260
5_VU_270

5£VU_2£0

55VUo?90

5_VU0300
5qVU03_O

5%VU0320

55VU0330

55VU03CO

5_VU0350
55VU0360

_VU0370
5qVU0380
55VU0390

5qVU0400

5qVU0410

55VU0420

5qVUO_30

55_U0_40
55VU0450

5_VU0460
55VU0670

55VU0_80

5_VUo4go

55VU0500

5_VU0510

55VU0520
55VU0530

55VU0540

55VU0550

55VU0560

55VU0570
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000200

000201

00020_

000251

000253

000256

000265

000274

000310

080324

006326

0O0335

0003_6

000355

000371

0304_3

000_:_

CO0-ZO

000423

000437

0004_0

F

G

H

I

J

S II)

RETUNN

6 CONTINUE

R

C

D

E

F

G

H

i

J

K

L
N

N

0

P

S II)

RETURN

7 CONTINUE

I 42X, 24H DISTANCE FROM B TO C =
I _2x+ 24_ OISTANCE FROM C TO D =

/ 42X. 24_ DISTANCE FROM D TO E w

1 42x. 24H DISTANCE FROM £ TO F =

// 42 x , 2_M LIFTING EFFICIENCY K -

WING wITH T_O PYLONS

IF (A .LE. H .AND. B .LE. C .AND. C .LE. 0.0 .AND. E .GE. 0.0

A .AND. F .GE. E .AND. F .LE. I.O .AND. M .GF. 1.0 .AND. AT .GE.

8 _) ITEST = n

IF (ITFST .EQ, l) GO TO i

INTEGRAL FROM A TO B IS EVALUATED IN TWO PARTS

ALPHA = 0.5 e {A + B)

CALL NUM (ALPHA+ A. A. NINT+ lO" Aglv GT_)

CALL NU_ (g. CLPHA. B. MINT. 11+ AB2+ GIP)

ZF(ABSIALPHA-A).GT.CI) _Hi = ABI + 2.0 _ GTI _ SORT(ALPHA'A)

IFIAHS(B-ALPHA).GT.CII ADZ u AB2 * 2.0 _ GT? * SQRT(_-ALPH_)

ARINT = ABI + AR2

CALL NUN {E+ ZERO. E+ NINT_ 12_ DE!NTg GT)

IF(ASSI E).GT.Ci) OF!NT _ DEINT + _o0 _ GT _ SQRT( E)

CALL NUM (H, ONE, ONE, NINT_ 13, GHINTo GT)

IFIASSIH - _.o).GT.CI) GHiNT _ GHINT ÷ 2.0 _ GT e SQRT(H - _.0)

CALL NUN (AI, H, AI_ N:NT+ i4+ H_[NT+ GT)
iF(AI}S{A: - H;°GT.C!) H;[;_T : HIZNY + ?.O _ GT e SQRTiAI - H_

EFF = TWOBPI * A:{G) I (_{16)) _u 2

wRITE (6.33) (All)) . I=i_i6) + FFF

33 FONMAT (IH I S_X. 35H CLOSURE INTEGR_LiIN_OAPD PYLQN} =

1 33X, 36H CLOSURE INTEGRAL(0UY_0A_D PYLON)

1 43x, 2OH CLOSURE INTEGRAL(WING) :

I/ 34xo 35H INRCARD PYLON SENISPAN LOCATION :
/ 34x_ 35_OuTROARD PYLON SEx,SPAN LOCATION "

/ S3X. 36H INBOmRO PYLON LENGYH (SFMISP_NS)

/ S3X. 3_HOuTBOARD PYLON LENGTH {SFMISPANS) -

/1 _4x, 25H _NDuCED DRAG INTEGRAL

/I 45x+ 2_H D_STANCE FRO_4 A TO R :
I 45X+ 2z>H O[STANC_ FRON G TO C

/ 45X, 2_H D[STANCE FROM C TO O :

I _SX. 2_ DISTANCE FROM D TO E =

/ _SX, 2_H DISTANCE FROM E TO F

/ _SX_ 26H _ZSTANCE F#Oi-; F TO G =

1 45X, 24H 0:STANCE F_O_ G TO H :
/ 45x, 24H O_STANCE FROM H TO I :

II 45x, 2_ LIFTING EFFICIENCY K •

wiNG WITH HORIZONTAL

iF (A .LE. B .AND. B .LEo 0o0 .AND. O .GE. 0._ .AND. D .LE. 1.0

A .AND. F .GE. 1.0) iTEST - 0

_FI6.R 55VUO560
_FiT.R 55VU0590

+F!6._ 55Vd5600

,F16.8 5_VJQ610

_F_6,R 55VU0620
5BVUo630
55vun640
55vu0650

5SVU0_60
55vu0_70
_qvuo6_0

5£vu0690

5_vu070o
S%vu07;O

5_Vbh720
55VU0730

5_Vd_740
5BVU0750
55vu0760

5_VU0770
5KVU0780

S£VU07_0
55VUoF;00

55VU0510
5_VU0520

5_VUoS_0
S_Vu0_40

5_VUgSS0
5gVuc,&60

_VUOSSO

55VU0;_90
5SVU0000

,F_6.S 5_VUQ910
_F_G.g 55VU0920

• F_6+8 56VU0_30
_+S 5KVU0940

.F18.£ SSVOoGSo

_F!6._ 5%VUc_GO

_FIG.R 5_VU_970

• +F!6.S 55VU0980
_F16.8 55VU0990
• /16. g 55VUlo00

_F16.S 5sVUIol0
_F16.8 5_VUi020

,FI6.g 5_VU1030
_F_6.£ 5SVLJI0_ 0

.F_&.8 55VUi050
,F_6.8 5_VU1060

,FI6.B 55VU_070

55VUI080
5_VUlOgO

55VUIIOO
5_VUtiI0

5_VUII20
55VU1130
55VUl!_O

55VUlI50

187



GaO. 7!

OOO'. ;3

06J502

P,O05 t4

0G05_'3

nn0537

000502

06rj_O5

OOO5 /0

000bO_

0o0_05

O00ob5

O00cb7

OOOeo2

000071

O00To6

OOO/:_

0007_0

0n0/32

6n0762

OnOTb5

0007o_

G00713

801007

oai¢23

0Ci025

0010_0

0010a_

O010bO

IF (ITFST .EO. I> GO TO I SSVU_|6_

CALL NUN {ZERO_ A, A, MINT, 2S, ACINT, GT} 5qVUi_70

IF(ADS( - A),GT,CI) ACINT = Ac!NT * 2,0 o Gf - SORT( - A) 55VUIIRd

CALL NUH (ONE, Do O, NINT, 26, 0EINT. GT) 5SVUIIgO

IFIAUSII,0 - O),GT,CI) I)EINT = UFINT * 2°0 * GT _ SORT(I,0 " B) 5gVu1200

CALL NUH IF, r)NF° F, MINT, 27_ EF!NT_ GT) 5_VUI210

iF(AHS(F - I,O),GT.CI) EFINT w EFINT • 2.0 e GT o SORI(F - 1,0) 55VU1220

AI(5) : ACINT • OEINT * _FINT

EFF = TWO_Pl _ A1(5) I (AI(6)} ee 2

w_ITE (b,53) (Aii[) • I=_,I0} , FFF

53 F06MAT(IM0/42X, 27H cLOSURE INTEGRAL (#I_G)

A

H

C

0

E

F

G

H

I

J

S //)

_TU_N

8 CONTINUE

136xs 33m CLOSURE INTEGRAL (HORIZONTAL) •

I135x, 3_ HORIZONTAL LOCATION ABOVF wING

134X, 35H HORIZONTAL SEMISPAN / WING B/2 m

144X, 2_ INI)UCEO DRAG INTEGRAL

ll4SX, 24H DISTANCE FROM A TO R =

/45X, 24h OISTANCE FROM _ TO C :

145X, 24H OISfANCE FROM C TO O :

14Sx, 24H DISTANCE FROM 0 TO E B

145x• 2_H QI_TANCE FROM E TO F

//45x• 24M LIFTIN_ EFFICIENCY K •

wing wITH PYL(IN ON TOP AND ON HOTTOM

IF (A. LE, H .AN0, _ °LE. C ,AND, C ,LF. 0,0 ,AND. E°GE. 0,0

A ,ANO. E .LE, F ,AN[). F ,LE, 1,0 ,AND. _ ,Gr. 1.0 ,AND, H ,LE,

R AI} ITEST = 0

IF (:TFST .E_. i) GO TO 1

ALPHA : 0._ _ (A * B)

CALL Nt;M (ALPHA, A, A, N!NT, 34, AHI, GTI)

CALL MUM (H, ALPHA, 8, hINT. 35, AH2, GTp)

IF(AHS(ALPHA-A),GT,CI) A8_ : ARI * 2,0 * GT1 e SoRT(ALPHA-A)

IFIABS(R-ALP_A),GT,C_) A_2 : A_2 • 2,0 * GTp _ SoRT(R-ALPHA)

AAINT = AHI • AH2

CALL NL)M {F, ZENO, F, NINT, 3A, DFINT, GTI

IF(A_S( F).GT.C!) I)FINT = DFINT - 2,0 * GT * SQRT(F)

ALPHA : 0,5 _ {H + AI)

CALL NUN (ALPHA, _, H, MINT, 38, H!I, GTII

CALL NbM (AI,ALPHA,AI, MINT, 39, HIp, GTpI

IFIA_SiALPHA-h).GT.CI) H_I = HI! * 2.0 _ GT_ * SORT(ALPHA-H)

IFIAUS(A:-ALP_A).GT,C_) HI2 : _12 • 2,0 _ GTp _ SQRTIAI-ALPHA)

HIINT : Hil • hi2

AI(_) = hlINT - ARINT - O_NT

_ITE (6,73) (AI(1) , i=I_16) , KFF

73 FORMAT(_M 135X, 3_ CLOSURE INTEGRAL (LO'_ER PYLON)

135x, 34_ CLASGNE INTEGRAL (UPPER PYLON) :

142x, 27H CLOS[;#E INTEGRAL (_ING) :

ll3SX, 3h_ ic_OA_O PYLCN SEMISPAN LocATION

133X, 36_ OUTmOAHD PYLON SEMISPAN LOCATION

/32X, 37H Ir_bhAHD PYLON LENGT_ (SFMISPANS)

/32X, 37_ 0UTmOAHD PYLON LENGTH (SFMISPANS) •

//44X, 25H INDUCED DRAG INTEGRAL =

t/45x, 26H DISTANC_ FROM A TO B m

145x, 2_H 01STANCE FROM R TO C

55VU1230

5gVU1240

55VUI250

,FI5,R 5RVUI260

,FIS,8 55VU1270

_F15.8 S_VU1280

,FI5.A 5SVUIp90

,F15.£ SSVU1300

,FI5._ SSVUI310

,FIS._ 5_VU1320

,F15._ 5£VU1330

,F1S._ 5_VU1340

,F15,B 59VU1350

,FIs. A 5£vu1360

5_vu1370

5£VU1380

5_vo13g0

5SVU)400

SSVUI_!0

SSVUI620

S_VUl_30

5_VU_440

S_VU1450

SSVU14O0

55VU1470

5_VUI480

S_VUIA£O

5sVUlSO0

5SVuISI0

S_vu1520

55VU1530

£_VU1540

SSVUISSo

5SvU1560

S£VUlS7C

SgVUiS_C

5_VUISgC

S%vul60C

5SVUI6iO

5_VH1620

55VU1630

,FI6._ 5_VU1640

,FIA,R 55VUI650

,F16.8 SSVUI660

,F!6,8 5%VU1670

,FI6°R 5SVUI680

,FI6.R SSVUI690

,FI6.R SSVUlT0O

_FI6._ 5_VUITIC

,FIG.R 5SVUI720

,F16,@ 55VU1730
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on12_3

001244

C

C

C

0o_2_4

001306

0o|310

J
K

L
N

N

0

P

//)

RETURN

g C_NTINUE

/45X, 24H DISTANCE F_O_ C TO D

/4w_X. 24H OISTAN(F FMHM _ TO }" u
/+5x, 2_.H DIRTANCE FRQM F TO (3 _,

/45x, 24M DISTANCE F_oM (_ i() H o

/65X. 2_,H DI'_TANCE FR(}M H TO I o

//45W, 2._H LIFIING F_:FICI_NCY K m

_II',G WITH PYLON HFLOw ANll I)IHPI)HAL

CALL NUM (ZERO+ A. A, NINI* _n, AHINT, (IT)

IF(ABS(-A).OT.cI) ABINt = AiI_NT * P.O _ (IT _ _QRT(-A)

CALL NUN (NNF_ D_ D. NINI, 51, I_EINT_ (_?)

,F!_.R 5_VIJ_ T_Q

,F!&,_ S£VU1770

_FI_.R 5£VUITBO
+F16._ 5GVU1790

+F_&,R 5SVUI£O0

5_VUiR]O
5qVU1R?n

5SV(;l£_O

_VUIR_O

6_VIJ1RS0
5qVUI_60

qqVtjl_£_
£%VU_Rg0

IF(AHS(I.O-O).GT.CI) DF_,",I " DE|N( + GT '_ (I.(_ o N} Q_ GP_2 I GPPp_qVUiOOO

[;EINT : DEIN[ _ C_NI 5-_VUI_C)

C},LL NUM (F, ONE* F, N'{NII, 52i PFINT, NT} 5qVU_gPO

IF(AHSIF-I.o).GT.C_) EFINI '_ EFINI + (;1_(;_-I.r,)_Ot_(%P/G_,GP 5qVU_930
EF'INT : EFINT * CONI =,%V(J_G4O

;_LPIIA : 0,5 _' (F + G) SqVU'l_50
CALL. NLJN (ALPHA_ F_ F, NINT, _I, FGI* _f}) 5qVUl_hO

CALl. NkIM (G, ALPHA_ G, NINT, _4, FGp, (_f?) ._,_VLJ]970

]F(AHS(ALPHA-F).GT.C}) F{_I .: F(il * (_I_ (LLPHA-F) *_ OKGP I OMGP _qVUlC)RO

IF(M)S(G-ALPHA).GT.CI) F(+? = F(12 + 2._i * (IT2 e S(Q_TIG-ALP_IA) 5qVU1990

FGINT * FGI * FG2

AI(6) : AHINI - DFINT - FFLNT + FGINT

PFF _ TWOHPI * &l(6) / (AII7) + A_I12i) _e 2

_R[TE (6_8_) (A!{I),I'1,16) , GAMMA , FFF

_ FONM_T (|Ho/ 3.3;,

R

C

t)

F

J

F_

L

N

O

P

Q

I0 CON f INH{-'.

IGH CLNSURE INTEGI+AL ( INboaRD WING)

/ ClX 2&H CENSURE INTEGRAL (PYLON) :
/ 33x _. CL(_SURE INTEGRal (OUTRhAnD _ING)

// ]gX 30H PYIflN LENGTH (SFMISPANS} Q

1 39x 30H PYI<IN LOCATION (SFNZSPANS} :

II 44x ?SH iNhHCED D_AG INTFGHAL :
// _5X 24H ()ISTANCE FRO_ A TO _ :

/ ''-_ 24H []iSTANCC FRO_ B TO C :

/ : : 2GH DISTANCE FRO,_ C TO O :
/ _x 2_H _;£TANCE FROM D TO E

/ 4_x _4H R_AL PART OF D TO E =
I 45x 2_H :NA,J, PART O_ I} TO E =
/ _5_ 2_H DISTANCE FRON E TO F :

I _SX 2_H REAL PART OF E TO F =

/ _SX 2_H IMAJo PART OF E TO F =

/ _qx 24H DISTANCE FRO_ _ TO G :
II _X 31M OUTROARO DIHEDRAL (OEGPFE_} -

// _Sx+ 2_P LIFTING EFFICIENCY K

uING _ITH INHOARD PYLOn AND OUTBOARD DIHEDRAL

IF ( A .LE. 0.0 .AND. C .GE. 0.0 .AND. D .GE. C .AND. E °GT. D

A ,AND. E .LE. _.0 .AND: G .GE. 1.0 .AND. H .GE. G) ITEST = 0

IF (IIFST .EQ. l) GO In
C_LL NIlM ( ZENO_ A, A, N_NT, 63, ARINT. GT }

5qVUPO00
5qVU20_O

5qVU?020

%_VU2030
_F_6+_ qqVU2040
_FI6._ 5_VUP050

_FI&o_ 5_VUPh60

,FI&.R _VU2070

_F!_._ 5qVURnSO
_EI6.A S%VU2090

_FI6,G 5£VU2100
,F!6.8 55VIJ2110

_FI6.R SqVUP120
_FI_°Q 5_VU2130

+FIB.R S_VU2140
,FIb. R 5qVUP_50
,F16.8 55VU2160

_FI6°_ 55VU2170
+F[6._ 5_VLJP_£O
_F_6._ %qVlJ2190
,F_6.8 55VU2200

_FI6,R 5_VU?plO
5_VU2220

55VU?230
5£VU??_O

5SVU2250
5£VU2260

55VU2270
5_VU22BO

55VU?2go
5RVU?300

55VU2310
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001317
0013_I

0013_6
_0;Z54

001303
001377

001401
001407

001423

00_26

001_30

001436

O01_b2

Ohl_61

001475

00147?

001504

00151t

001526

001526

001527

001527

001571

0n1573

001002

001616

001025

O016&l

001650

00|664

001673

001107

001713

001716

0017J2

IF{AHS( -A),GT. CI) ABINT - ARINT + 2,0 o GT o SORT{ -A) 5SVU2320
CALL NLIN { Et O_ D, NINT0 64, DEINT, GT ) 55V_2330

IFiABS(E D).GT° CI) DEINT = _EINT + 2,0 _ GT o 5QRT(E - D) 55VUP340

CALL NUN { 3:iZ, E, E, MINT, 65+ EFINT, GT ) _SVU235Q

IF(AHS(ONE - E),GT, CI} EFINT = EFINT * GT _ IONE -E)_tGPP2 /GPP2 55VU2360

EFINT = EFINI o CG 5qVU2370

CALL NUN ( G, hNE_ G, NINT+ 66, FGINT+ GT ) 55VU2380

IF(AHSiG - ONE),GT. CI) FGINT = FGINT + GT " {G -ONEIe°GPM2 /GPN2 5_VUP3gO

ALPHA = O.S _ (G * H) 55VU2400

FGINT = FGINT _ CG 55VU2410

CALL NUN (ALPHA, G, G+ NINTt _7, GH 1 + GT}) 5_VU2420

IF(ASS(ALPHA'G),GT, Ci) GHI = Ghl + GT1 o (ALPHA-GI_eGPN2/GPM2 55VU2430

CALL NUM ( HtALPHA, H, NINTI 6Ro GH7 _ GT2) 55VU24_0

IF(ABS(H-ALPHA}.GT, C1) GH2 = GH2 + 2.0 _ GT2 _ SQRT(H-ALPHA) 55VU2450

GHiNT = GH1 • GH2
All7) - ABINr • OEINT • EFINT + FGINT * GHINT

EFF = TWOBPI o AIlT) / (AI{13) _ CG • AI(I_}) Qo 2

_RITE {6_gI) (AI(I),I=I+14) , GAMMA+ EFF

gl FORMAT (IHO/]SX, 35H CLOSURE INTEGRAL (IkBOARD wING) =

H

I

J

K

L

H

N

0

S II)

RETURN

li CONTINUE

55VtJ2660

5£VU2470
55VU2680

5%VU2_90
*FIG.R 5RVUP500

_F)6,_ 55VU2510

_F16.8 55VU2520

_FIG._ 55VU2530

/42X_ 28H CLOSURE INTFGRAL {PYLON) =

/34X, 36H CLOSURE INTEGRAL (OUTBOARD WING) •

//_IX_ 29H PYLON LOCATION (SEMISPAN} =

/32X, 38H DIHEDRAL BREAK LOCATION {SEMISPAN) = +Flb,_ 55VU2540

/42X_ p@H PYLON LENGTH (SEMISPANS} -

//45X, 25H INDUCED DRAG INTEGRAL

//4_X, p4H DISTANCE FROM A TO B =

/_6X_ 2_H DISTANCE FROM B TO C =

/46X, 24H DISTANCE FROM C TO 0

/4&X+ p_H DISTANCE FROM D TO E

/_&x+ 24H DISTANCE FROM E TO F

/_BX+ 2_H DISTANCE FROM F TO G

/4_X, ?_H DISTANCE FROM G TO H =

//42X, 28H DIHEDRAL ANGLE (DEGREES)

//_GX, 24H LIFTING EFFICIENCY K =

,FI6_ 55VUPS50

+FI6+_ 55VUP560

_FIA._ 5_VU2570

+FIb,R 5_VU2580

_F16,R 5RVU25qO

_F16°£ 55VU2600
_E_6,R 5%VUP610

,F16,8 55VU2620

,F16._ 55VU2630

*F16.8 55VU2640
IF16,R 55VU2650

5_VU2660
5£VU2670

55VU2680
5%VU26£0

55VU2700
55VU2710

wING WITH END-PLATED VERTICAL FENCE AT TME TIP

IF (B ,GE. 0.0 .AND, C ,GE. 8 ,AND. D ,GE. C ,AND. 0 ,LE, I°0 5_VU2720

A .AND. F .GE. I.O ,AND, G ,GE. F .AND° H .GF, G} ITEST - 0 5£VU2730

IF {ITEST .EQ. l) GO TO I 55VU2740
CALL NUN { R, A, B, NINT, 79, ARINT, GT ) 55VU_750

IF (ABSIR - A),GT,CI) AB_NT _ ABINT + 2.0 _ GT o SQRTIB - A) 55VU2760

CALL NtJM { ONF, C, C, NINT, BO' CEINT, GT )

IF (AH£{ONE - C).GT,CI} CEINT = CEiNT + 2,0 e GT _ SQRTIONE - C)

CALL NtlH ( F_ _NE, E, NINT+ RI_ EFINT_ GT )

IF (A_s[F - ONE).GT,CI} EFINT = EFINT * 2.0 _ GT _ SQRTIF - ONE)

C_LL NuN ( H_ G, H* MINT. R2_ GMTNT, GT )
IF (ARS(H - G}.GT.C|) GHINT = GHINT + 2.0 e GT e SQRT(H - G)

AI(7) = CEINT * EF_NT * GHINT - ABINT

EFF = T_OBPl _ A1(7) / (AI(8)) _o 2

wRITE (6,g3} (A1(I),I=I,1_) * EFF

93 FORMAT {IHO/_SX, 25_ rING CLOSURE INTEGRAL

A /35X, 35H VERTICAL FENCE CLOSURE INTEGRAL •

B /_OX, 30H END-PLATE CLOSURE INTEGRAL •

C //45X, ?5H VERTICAL FENCE LENGTH =

55VU?770

5_VU27_0

55VU2790

55VU?SCO

55VU?_IO

55VU2820
55VU2S30

5_VU?R_O

55VU2850

_F16.R 55VU2860

_F16.R 55VU2870

+FIG,R 55VU2880

.FIB.R 55VU2890
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0
E

F

G

H

I

J

K

L

N

N

S II)
RETURN

ENO

/_2X+ 28H [NBOANO END-PLaTE LENGTH m
/4_X, 2gH OUTBOARD ENd-PLATE LENGTH :

//_SX. 25H INDUCED DRAG INTEGRAL -

//_6X_ 2_H DISTANCE FROM A TO B

/_6X+ 24H nISTA_CE FROM B TO C :

/+6x, 24H DISTANCE FRnM C TO D =

/_6x, p4H DISTANCE FRO_ D TO E :

/46X. 24M DISTANCE FROM E TO F =

/_6×, 2_H DISTANCE FROM F TO G B

/a6x, 2aH DISTANCE FR_N G TO H :

//46X, 24H LIFTING EFFICIENCY K -

_F_6.R

,FI6,R

_F_6,B

_FI6°R

IF16,Q

5BVU2gO0
S_UU?9lO

5_VU2920
SSVU2_30

55VU?940

5_VU2950

55VU2960
S_VU?£70
5SVU2_O

55VU29gO
5SVU3000

SsVU3010
5SVU3020

55VU3030
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SUBPROGRAM LENGTH

003365

FUNCTION ASSIGNMENTS

STAIEMFNT _SIGN_ENTS

L 0_0004 2 - _01737 4 - 000017 _ - 0D0033

6 - 000201 7 - 0004_0 8 - 000605 Q - 001051

10 - 001244 11 - 001527 12 - 001755 33 - 002075

53 - 002262 73 - 002_01 89 - 002570 gl - 002766
93 0O3145

BLOCK NAMES AND LEN@IHS

- 002420

VARIABLE ASSIGNMENTS

A - O00000C01AA - 002217C01ABINT - 00333? ADSC - 000021C01

ADI - 003345 AH2 - 003347 ACINT - 003353 AI - 000010C01

ALOAD - 000247C01 ALPHA - 003344 AI - 0022]7C01R ° 0_0001C0!

C - 000002C01CEINT - 003364 CG - 002407C01CONI - 002_12C01

CI - 002415C010 - 000003C01 DATA - 000000C0! _EINT - 0_3341

DFINT - 003354 E - 000004C01EFF - 003343 FFINT - 003342

F - 000005C01FGINT - 003361 F61 - 003357 FG2 - 003360

G - 000006C01 GAMMA - 000020C0I GHINT - 003351 GHI - 003362
GH2 - 003363 GPM2

GT_ - 003346 GT2
Hil - 003355 HI2

ITEST - 003336 NINT

ONE - 003332 ORD

T_O_PI - 003333 ZERO

START OF CONSTANTS

001735

- 002405C01GPP2 - 002406C01GT - 0033_0
- 003350 H - 000007C01HIINT 003352

- 003356 I - 003335 ININT - 000013C01

- 003334 NTYPE - 0000!2C010NGP - 002410C01

- 000103C01 TAB - 002237C01 TARLE - 000165C01

- 003331

STARI OF IEMPORARIES

003311

START OF INDIRZCTS

003331

UNuSeD COMPILER SPACE

033300

"_92



&U_ROVTL_ DRAG|

J

C_PUTED GO TO

IF T_ VAL_ TRA_.%FER

NTYP_ TO

_ _TA TENANT

1 $

6

7

4

5

6 ID

7 ZI

L

J "L...... J --I ,_i_.T/_IL__
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L

_ a oLE_oit. oANO. 6 , L_. E _ANO oC o L£, 0.0 o.kNG. (_o G_. _, Q, AF.,_, F, g_, £1A_ ,F. LE, 1 ,D, ANi0,N, GE. 1.O.Ai_. AI .,CrE:•H

L _ _.I=_A i a ia i NI NT i I 0 ,A.GI i GT 'y __,ALPHAI_, jNINT j 11 jag? ,GT _F/ ii

A35 (_-ALPHA) . GT • C1 A_Z:AB_.*_. o O*G IZ*$_R T (8-ALPHA)

\

,
(

i
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I AI (_,)=GH[NT_*NXINT-AnINT-0FJNI "

i rFF=T'N_PLSAI (6) / (A_, (_6)) $$Z

T

WR[ rE (6,_,3) {At (I| , _=I j16) ,EFF U

_R

J,

_i.D.S {I .O-D) .GT.Cl _ DE_INT=D_INT'*Z._GD_$GRT (I .Q-D) _ NUN _

_. ' _,(>NE, F, NI NT,Z 7,FF I N T, G_/
I

i___._.:_F,,_%(F-1.i3} .GT.Cl _ _.F'INT:EFJNTeZ'.OSGT$$_RT{F-I .O) AI (Sj =AC ZNT÷D_ i NT,,_FI N T _1

/.
EFF:TW_,T_PISA1 (5} / (A1 (6) ; _x._

_R|T_'{6,$3} (AI (I) ,I:l ,1D} ,E.FF

_T
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A6S(J_-ALPI'IA) .G].C1 _ A82:AB2e2.0*&T24($QRr C_,-AI.PItAJ

ry

A_,I.(F) .C*ToCI ._I DFZNT:OFINTeZ.O_GT#SC4RT (F)

l J,

"A_,_4,a,L.P &T C1 _ NII:HIIeZ.O_GT_.#$_IRT(ALPHA_Hj= _ . •

_c

_-_ _NO _ HI INT:HI IeHIZ_-_,, H|_:NI_e_,D_T_IQRTiAI-ALP;qA) AI (SJ:HI_NT-A_INT-t_FINIA_$ _A | -ALPMA )

_ L

i _FF': Tk_O_P| _A1 (8,] /(Al (9) *AI (12) I etZ
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iu,

Lk

AB$(F-I.O).GT.Cl _F|NT=_FINT+GT_(F-I.0)**OMGRIOWGp EFINI=EFINT_C.._NI '

_.O_N_ .F. N| NT. §,. _F INT. &_/ L i ALPHA=_.,. (F.G, _)

T
WRI rE46p6@J (A1 _1_ _l=l _16) _GAMMA_EVF U i

jR
N

L_
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kB${-A) .&T,Cl AH.|NTr.AB|NT,Z,0_GT_$gRT(.A)

_i_'O. A .A .MINT .G3 .A. ZNT .G_

___ PElF'OliN SU_RO_TZ__

N@N

e D ,0, N| NT, 64 10_ | NI', G_I_

BELNT;OE|NT*2o04rGT_$GRT(E-0)

r._:.E.Nz,t.65..ce'j,r.0y I

_F|NT=[F$NT&CG

,O_[,G,N|NT,56,FG|NT_Gy

( w

PE RFOR NN_IJ_ RC_ T Z N_"

/
A ,-:o

[

)

198



RI

IT_._T._-Q.1 AB$I_-A) .r_T,CI AB_NT:AF_INT¢_.C)_C,T_$@RT(B-A)

. '_.a.8.NzNI._.ABINt.c,y '

PERFORM SI.._@R,O_ITINF\

L___ a_,_ (N-,¢,').&T.CI _ GHINT=GelINT+Z.F_,GT,$@RT (H_G) AI (;') =CEINT÷EFINTeGH|NT-A_,INTEFF= TW_PI _AI (l) / (al (@))_W.,_
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Z

I-.

C_

I---

Z_ _ Z

Z _ZZ _

._ _ _ _ _ _ _ _ ___

-_ _ _ _ _ _ _ _ _ _ _ _
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S
L_
L_

Z

L)

2:
_J

E3

,/
LJ

r_ >.

>- Z/"

_: C.3

_J LJLJ

uJ LLI LIJ

Z ',.3
.--4 I _J. L_.

_Z _

0

II _ _ __

_ _ _ Z__

Z _ _ _ _ _ Z _ _ Z _ _. _

_ _ _._ _ _ _ _ _ _ _
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Subroutine NUM (UP, ALOW_ SING_ NPOINT, NTYPE, ANSWER, GT)(Deck
55VV). Subroutine NUM is called by subroutine DRAGI to perform quadra-
tures just as subroutine NUMINT is called by subroutine GEOM. The
description of subroutine NUMINT applies, word for word, to subroutine
NUM.

2G2



0000_0

000010

O000LO

000033

000002
000iX2

000134
000157

000201

000223

0002_5
00O2/0

000324
O0O356

000¢I0

0004+2
000414
000516

0005_0

000562
000614

000646

000700
000732

000765

001023

001037
001052
001071

001105
001124

00XI_3

SUBROUTINE NUM (UP,ALOW,s[NG,NPOINT,NTYRE,ANsWFp,GT)

THIS SURROUIINE SETS UP NUMERICAL INTEGRATION TO EVALUATE

DRAG, USING SIMPSON S RULE SUBROUTINE.

INDUCED

COMMON DATA(IT). ABSC(50). ORD(50), TARLEI50), ALhAD(}O00). A_(I6)

A , TA_(IOI)_ GP, GPM2+ GPP2t CG$ OMGP, CONR, CON{. ]LAST. C2, CI

R , C3, RI

EQUIVALENCE (DATA( I)+ A) , (DATA( 2)+ B)

A $ (OATA( 3)+ C) , (DATA{ 4)_ D) + (DATA( 5), E)

R , (DATA( 6)_ F) + (DATA( 7)$ G) + (DATA( R)+ H)

C , (DATA( g)w AI) , (DATA(IO)t MODE) , (oATA(I)}, NDUMMY)

D _ (DATA(|2), ININT) + (DATA(13), ETAIRQ) _ (DATA(]&} + ETAORQ)

E , (OATA(15), PlREQ) , (OATA(|6)o ROMEO) , (DATA(17)_ GAMMA)

ARITHMETIC STATEMENT FUNCTIONS

HIGHER LEVEL FUNCTIONS FOR CASE NTYPE = S

QA(Z} • (Z-C)'(Z-I+O)*S{_RT(Z/((Z-A)*{G-Z)))

QR(Z) = (Z-C)_(Z'I,01*SORT(Z/(Z-A))e(Z-D)*IGPM?

HIGHER LEVEL FUNCT

QF(Z) • (Z-C)*(Z-|

QG(Z) = (Z-C)_(Z-1

HIGHER LEVEL FUNCT

0K(Z) • IZ-D)_(Z-I

QLIZ) • (Z-D)°(Z-}

IONS FOR CASE

.O)/SQRTIH-Z)*((E-Z)/IG-Z))**GP

.O)*%ORT(Z/((Z-A}o(Z-D)))

IONS FOR THE CASE NTYPE • 7

.O)oSORT(Z*IG-Z)/I(F-Z)*I'H-Z)) )

.O)*SORT(Z/({Z-B)*(Z-C}))

GA(Z) •

GO(Z} =
GFIZ) •
GA2{Z} •

GA3(Z) •
GEEIZ) •
GGG(Z) •
GII(Z) =

GH_ Z) =
GHD Z =
GHF Z =

GZA Z =
GZH Z •

GzF Z =

GZ_ Z •
G71 Z =
GX_ Z =

GxB Z •
GxC Z =

GXD Z =
GxE(Z •

GvA(Z •
GvBIZ •
GVC(Z) •

(Z-C)iIZ-I.O)*SORT(Z/((D-Z)O(F-Z)))

(Z-C) * (Z" I • O) *SORT (Z/((Z-B) * IF-Z) ) )

(Z-C)_'(Z-I.O)*SURT(ZI(IZ-B)*(Z-D)))

(Z-C
(Z-C
(Z-C

(Z-C

(Z-C

(Z-H

(Z-B

(Z-H

Z-C

Z-C

Z-C)* (Z-E)* (Z-I. O) oSORT (Z/( (Z-A)* (Z-R)* (H-Z) * (AT-Z)) )

Z-C) * (Z-E) o (Z- _. O) *S(.)RT {Z/{ (7-A)* (t-R)* (Z-F)* (AI-Z)) )

Z-C) * (Z-E) '= (Z- i, 0) *SORT (ZI ( (Z-A)* (/-R)* (Z-F) e (Z-H)) )

Z-CIoIZ-I.._)'_'SORT(Z/(Z'G) )*(O-Z)**GPMp* (F-Z)ee(-GP)

OA(Z) * (F-Z) ¢"* (-GP)

OA (Z)*(Z-D)**GPM2

QH(Z)/S(}RT (G-Z)

oR(Z)*(Z-F) o*(-GP)

OF(Z)*SORT(Z/IZ-D))

QF(Z)'='SORT(Z/(Z-A))

OG(Z)/(SORT(H-Z)•(G-Z)e_'GP)

*(Z-F)o(Z-H)*SQRT (ZI((R-Z)*tZ-F)I(Z-I.O)O(Z-AI}))

*(Z-F)_(/-H)iSQRT (Z/((Z-A)o(Z-F)_(/-I.o)*(Z-AI})}

o(Z-F)*(Z-H)*SORT (Z/((Z-A)oIZ-R)*(7-1.O)'(Z-AI)))

*(Z-F)*(Z-H)*SORT (Z/((Z-A)*(Z-_)*(F- Z)*(Z-AI)))

*(Z-F)*(I-H)*SQRT (Z/(iZ-A)*(Z-R)*(Z-E)*(Z-I.O)))

o(Z-I.0)_SQRT IZ/((Z-D)e(F-Z)))

*(Z-I.Q)oSQRT (Z/((Z-A)*(F-Z)))

+(Z-I.o)*SORT (Z/((Z-A)•(Z-P)))

*(Z-E)*(Z-1,0)*SQRT (Z/((Z-BI*IF-Z)i(H-Z)*(AI'Z)))
*(Z-E)o(Z-1,0)*SORT (Z/((A-Z}*(F-Z)*(H-Z)*(AI-Z)))

55VV0010

55VV0020

55vvo030

bSV ,40

55VVu050
55VVn060

5%VV0070
55VVooP3

5svvnogo

5_Vv0100

5_VVollO
55VVo120

5_VV0130

55VVOlaO

5£VV0150

5_VvOI60

S%VVÙ170
5_VV0180

S_VVOl90
5_VV0200

59VV0210

55VV0220
55VV0230

5%VV02_0

55VV0250

5%Vv0260

5%VV0270

5_VV02e0

5SVV02g0

55VV0300

5_VV0310
5_VV0320

55VV0330
55VV03_0

55vvn350

55VV0360

55VV0370

55VV_380
5_VVO3gO

5_vvn4oo

5_vvo4]o

5_vv0_2o

55vvo_3o

55vvo_4o

5_VV_50

55Vv0_60
5RVVo470

5_VV0480

55VV0_90

55VV0500
55VV0510

55vvn52o
5_VV0530

55VVO5_O

55VV0550
55VV0560

55VV0570
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001170

_n1215

,,!32

u01251

001270

001310

001331

001335

001337

0013w3

0013w7

0o1303

001357

001363

001367

0013/3

00_377

001403

001407

001_13

001417

001_23

001427

001_33

001437

0014w3

001447

001_03

001407

001_03

0014b7

001473

001477

001503

001507

001513

0n1517

001523

001527

001533

001535

001536

0015_3

0015_3

0015_5

001556

001557

001562

001505

001565

001570

001571

001573

001515

001605

001606

001611

GV[3(Z) • QG(Z)ISQRT(H-Z)*(Z "E)°QGP

GvE(Z) ": _G(Z)o{(Z'E)/(Z "G})'I°GP

6TA(Z) = QK(Z)/C,'_T,--Z _

GTB(Z) • QK(L)/s_T(Z-H}

GTC(Z) :' QLIZ)oSQRT((G -Z)/(H'Z))

GTC(Z) • OL(Z)"SQ_T((Z-G}/(Z-F))

DUW • (UP - ALOW) / FLOAT(NPOINT - I)

IF (DUM ,LT, CI) GO TO 501

IF (NTYPE ,EQ. I) GT ,, GAISING)

IF (NTYPE ,EU, 2) GI • GO(SING}

IF (NTYPE ,EO. 3) GT = GF(SING)

IF {hTYPE .E(_, I0) GT = GA2iSING)

IF (NTYPE ,EQ, II) GT :, GA3LSING)

IF (NTYPE .EO, ]2) GT = GEE(SING)

IF (F,TYPE .E(}, 13) GT = GGG(SING)

IF {_IYPE .EQ, 14) GT - G} I (SING)

IF (NTYPE ,EQ. 25) GT = GHAiSING)

IF (NTYPE .EU. PG) GT • GHD(SING)

IF (NTYPE .E(}. 27) GI = GHF(SING)

IF (NTYPE ,EQ, 3_) GT = 'oZA(SING)

IF (NTYPE ,EQ, 35) GT = ZH(SING)

IF (_,TYPE .EU, 3_) GT = GZF(SING)

IF (NTYPE ,EQ, 38) GT : GZH(S|NG)

IF (NTYPE ,EQ, 3':)) GT = GZI (SING)

IF (NTYPE ,EQ, 50) GT ,, GXA(SING)

IF (NTYPE ,EQ. 51) GT = GXB(SING)

IF (NTYPE ,EO, 52) 6T = GXC(SING)

IF (NTYPE ,EQ, 53) GT - GXO(SING)

IF (NTYPE .E%}. 54) OT = GxE(SING)

IF (NTYPE .E<_. 63) GI • GVA(SING)

IF (NTYPE .EQ. 66,1 Gl" = GVB(SING)

IF (NTYPE .EQ, 65) GT = GVC(SING)

IF (_TYPE ,EQ. 66) GT :,,GVO(SING)

IF (NTYPE ,EQ, 67) GT • GVD(SING)

IF (NTYPE ,EQ, 6g} GT :, GvE(SING)

IF (NTYPE ,EQ. 79) GT -- GTA(SING)

IF (_TYPE .EO. ;_0) GT ,, GTB(SING)

IF (NTYPE ,EQ. F_I) GT - GTC(SING)

IF INTYPE ,EU, 82) GT - GIG(SING)

FF2 = 0,005

FF = FF? + FF2
IF ((SING - ALOW) ,,GT, (UP - SING)) GO TO 40_

ABSC(I) : ALOw

DO 400 I-2,NPOINT
ARSC(1) • AHSC(I-I) ' FF * (UP - ABSC(I-I)) / FLOATINPOINT-I"I)

FF = FF , FF

IF (FF .GT, 1,0) FF - 1,0

400 CO_,T INuE

GO TO 403

401 ABSC(NPOINT) • UP

DO _,02 I:2,NPOINI

J • NPOINI - I * I

K = J * 1
ABSC(J) I' ABSC(K) - FF _ (ABSC(K) - ALOW) l FLOAT(J)

FF = FF • FF

IF (FF .GT. 1.0) FF - 1,0

402 CONI INUE

5_VV0580
55VVO5gO

_%VVOhO0
55VVO610

55VV0620

55VV0630
55VV0640
55VV0650

55VV0660

55VV0670

55VVohSo

55VV0690

5_VV0700

5_vv0710

55VV0720
55VV0730

5SVVO7_O

55VV0750

55VV0760
55VV0770

55VV0780

55VV0790

55VVOgO0
5_VVO_lO

55VV0820
5£VVOS30
55VV0840

55VV0650

5sVVOR60

5_VvOR70

55VV0880
5%VVORgO

55VVOqO0
5%VV0910
55VVOO20

55VV0930
55VVOq40

59VV0950

5sVV0960

55VV0970

55VV09_0
5_VV0990

55VV1000

55VVI010

55VV1020
5_VV1020

55VVlO_O
55VV1050
55VVI060

5_VVI070

55VV1060

55VVlOqO
5_VVIlO0

5_VVlllO

55VVII_O

55VV1130
55vv11_0

55VVI150
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ooi6t_

ool61_

0o162o

0n1625

on]Io4

ONIII2
ON,If2
OOltl6

hOP(Ill
002015

On2V30
ON20J4

On?O_l

002{_53

Oh2nb6
0N2012

nOTlO5

O02111

0N2124

OO21JO

007143
002|41

On21b2

NOElb6

OnZ201

NQ72D5

on?2_o

oo7224

oo2231

Nn22_3

O022bh

002252

0072/5

N02301

002314
0022d0

002333

002337

007362

0n2356

0n2371

0n23/5

002. II

0n241I

0Q7_6

007426

0074_3

0_7a_3

on2_56

007402

0n2_15
on25oi

002506

007520

403 O0 500 I*I,N_OINT 55VvI160
AH a AHSC(|I 5_VVlllO

IF (AHS(AH - _ING) .LT° FF2 . _UM) GO TO _gQ 5_VV1180

A ) . NTYRE

4 wRITE (6.5) NTYPE

5 FORMAT (_HO, 35H _UHRNuTINE NUM CALLED FOR NTYPE • .17//)

GO TO 50_

I ORO(I = (GA(AH| - GTI / _RT(H - AM)

GO TO 500

70RD(I : ((_OIAR) - GT) / SQ_T (AH - D)

GN TO 500
30_DII = |GF|AH) - GT) / _URT |F - AH)

GO TO 500

|00RD(I : _GA2tA_} - GT) / SOMT

On TO SO0
_l 0_0(I : {GA3(AR) - GT) / SOWT

GO TO 500

12 OPD(/ = (GEE(AM) - GT) / SORT

GO TO _o0

13 ORO(I} = (GGGIAH) - GTI I SO_T

G_ TO SO0

_ ORD(1) = (611(AH) - GT

GO TO %00

25 ORO(I) : (GHA(AR) - GT

GO TO 500

26 O_ll : (GHDIAM) " GT

GO TO _0o

27 ORD(I : |GHFIAH) - GT

Gn TO _oo
34 _NO(I : (GZA(AB) - GT

GO TO _oo

35 ORD(I : (GZH(AB) - GT

GO T(} _00

36 ORD(I - (GZF(ARI - GT

GO TO _oo

38 ORO([ : IGZHIAH) " GT

GO TO _oo

3g 0_8(I : (GZI(AM) - GT

GO TO 5o0

50 0_([ = (GXAiA_)- OT) / SORT (A_ - A)

GO TO _oo

51 OR_(I " (GXB(AB)- GT) e(AH-D) o. GPM2

GO TO 500
52 ORC(I = IGWCIAB)- OT) • (F-AH)** I-GP)

G_ TO _O0
53 O_II : (6XO(AH)- OT) eIAH-F) *_ (-_P}

GO TO _00
5_ ORO([ - IGXEIAR)- GT) / S_RT IG - AH)

GO TO _00

63 ORG(I : (GVA(AR) - G_; / SQRT (AH - AI

GO TO 5on

04 IF (AHS{AH-[) .LT. CI) 60 TO 4W9

O_(l) : (GVH(AH) - GT) / SGRT (AS - O)

GO TO 500

AB - A)

H - AH)

AB - 1.0)

/ So_T AI - AR)

/ SoRT AB - A)

/ SORT AB - D)

/ SORT F - AH) ,

/ SORT AB - A)

/ SQRT B - AH)

/ SORT F - AH)

/ SORT AH - M}

I SORT (AT - AM)

55 .210

55vv1220
%SvvI?30
5_VVl?_O

55VVI_30
55vv1260

55VV1770

5_VV1280

5qvVlPqO

55VV1300

5_VV}310

5%vvI3?O

55Vv]330

55Vv1340

5_VV1350
%_VV1360

5_vv]370
S_vv_380

5_VV13gO
5_VV1400

55VV1410

55vv1_20

S_VVI_3C

5_VV1440

5_vv1450

S%VVI_60

55VV1_70

55VVI45O

5_VV1490

5_vv}500

5_VVlSlO

55vv1520
55vv1530

55vv1540

59VV1550
5_Vv1560

55VV1570

5_VV1580
5%VVlSgO

55VV]hO0

55VV1610

5%VV_6_0

59Vv)h30

55VV|640

5_VV1650

5_VV1660

5%VV_670

5_VV1680

55Vv|690

S_VV1700

55VV1710

55VV1720

5SVV1730
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00252_
0025_0

0025_0

002554

00255_

35!:;0

002603

002_07

002622

002626

002_I

002_5

0026b0

O02_b_

002677

002103
002/05

0027_0

0021_1

002t13
002t20

002122

002130
002731

OQ2?J2

002732

85 ORB(1) - {GVC(AR) - GT} o (AB - E) ** GP

GO TO 500

86 ORB(1) = (GVD(AB) - GT) / (G - AB) e. GP

GO TO 500

67 ORB(I} - (GVD(AR| " GT) / (A8 - G) "* GP

GO T ° 50h

68 ORC_I) • (GVE(ARJ " GT; / SO_T (H - AR)

GO TO 500

79 ORB{I) - (GTA(AR) - GT) / SORT (R - AB)

GO TO 500

80 ORB(I} : (GTB(AH) - GT) / SQRT(AR - C}

GO TO 500

81 ORB(1) = (GTC(A8) - GT) / SORT(F - AH}

GO TO 500

82 ORB(I} • (GTD(AR) - GT) / SORTtH - AB)

GO TO 500

499 ORD(_) • 0.0

500 CONTINUE

DUMMY = AHSCII)

DO 502 I=I,NPOINT

502 AHSCII) = A_SC(1) - DUMMY

CALL ITS! (A_SC, nRD, TABLE, NPOINT)

ANSWER • TAHLEINPO[NT)'

RETURN

501 ANSWER • 0,0

RETURN

ENB

5_Vv1740
5%VV1750

5_VV1760

5_VV1770
55VV]780

_VVlTgO

59VVlaOO

55vvlRlO

55VVl_20

5_vv1830

5_VVlH_O

5_VVlg50
5%VVIR60

55VV1870

55VV1880

RSVVlggo
5_VVlgO0

5qVVlQIO

5%VV_Q20

59VVIq30

5_VVlO40

5_VV)950

5_VV1960

5_VvlgTO

5%VVlgBO

%_VVlggO
55VV2000

206



SUBPHOGHAM LENGTH
004377

FuNCIION ASSIGNMEhTS

GA 000202 GA2 - 002271 GA3

GEE - 000357 GF 000246 GGG

GHD - 000517 GHF 000541 GII

GTR - 001252 GTC - 001271 GTO

GVH - 001125 GVC 001144 GVD

GxA - 000766 GXR - 001024 GXC

GxE - 001072 GZA - 000563 GZ8
GZH - 000701 GZI 000733 QA

QF - 000063 QG O00113 QK

STATEMENT ASSIGNMENTS

1 001776 2 002015 3
5 - 002740 10 002053 11

13 - 002130 14 002147 25
27 002224 34 002243 35

38 002320 39 002337 50

52 " 002411 $3 002426 %4
64 " 002501 65 - 002524 66

6H 002570 7q 00?607 AO

82 002664 400 001562 401

403 001614 4qg - 002703 500

502 0027|4

BLOCK NAMES ANO LENGTHS

- 0O2420

VARIABLE ASSIGNMEkTS

A - O00000COI AA - 002217Cn'I AB

AI - 000010C01 ALOAD - 000247C01B

CI - 002415C010 - 000003C0_ DATA

DUMMY - 004376 E - O00004COI F

FF2 - 004370 G - 000006C01GP

GT 000000 a 000007C01 I

K - 004374 ORD - 000103C0I TAB

STANT OF CONSTANTS

002134

STAHI OF TEMPORARIES

002147

STAHT OF INDIRECTS

004326

u_USED COMPILER sPACE

033300

- 000325 GO

- 000(]1 GM_
- 000443 GTA

- 001311 GVA
- 001171 GVF

- 001040 GXD

- 000615 GZF
- 000012 QR

- 000135 QL

- 002034 4
- 002072 i2
- 0021&6 p6

002?62 _6

- 002356 _1

- 002_43 63
- 002540 67

- 002626 AI

- 001565 40P

- 002705 _01

- 004375 ARSC

O0000lC01 C

- 000000C01 nu_

- 000005C0| FF

- 002404C01GPM2

- 004372 J

002237C01 T&RLE

000224

- 000_75

- C01233

- 001106

- 001216

- 0_I053

- 000647

000034

- 000160

- 001764

- 002111

- 002205

- 002301

- 002375

- 0_2462

007554

- 002645

- 001611

- 002731

000021C01

- O00002COl

- 004367

004371

002405C01

- 004373

000165C01

_p
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GALZ):(Z'Cie(Z-I'L_]°$_RT(Z/[(Z'A)e(G-Z))] B i _.(Z):iZ*D)_¢Z°I._j)_.S_TtZ/ttZ-D_._tZ-C)j_

_(Z):¢Z-C. ie(Z-I.0)eSGRI_Z/(Z-_.)),_[Z-O),_GP_4Z _ GA(Z):{Z.C)_(ZoI,_]j,_$_RI(Z/((D_Z)_r,F.Z_)_

L _¢ZlglZ*_I*IZ-I,C_I/S_RTIH-ZI_,(IE-ZI/I_-Zll,_q,C_P _ _OIZI:IZ._.I_IZ.I,_Ir_S;IRIIZ/llZ_8t_IF.Zlll
_ i'Z) : tZ-C ) "_ (Z'I "L_) _'$_R T (Z/ ( (Z°A] _ |Z'O) ) 'I

GI,_. (Z) : (Z_C) ,_ (Z_F) _ I,Z_N) q,$_RT iZ/ ( ¢B_Z),_ (Z.r ) _ (Z._, .O) # (Z_A | ) ) ]
_3 (Z) : (Z-_ • ¢Z-F) • (Z-H) t/$_R T (Z/ ((Z-A) _l, (Z-E) • (Z- 1.0) _v (Z-A| } )

&F (Z) : _,Z-C ) • (Z-1 ,_) i$QRT (Z/((Z-B) • (Z-O}) )

i G_'E(Z):(z-E}')(Z'F)'_{Z'H)i'$GRTIZI(IZ'A)*IZ-8)*IZ-I'NI#IZ-AIJ); L

_G_ ,z) = ,z-c) • (z-F). (z-H) .$_R x (z/c (z-A) • <z-B) • (_-z) • (z-_ z ) ) ) I_'
Gl I (Z) : (Z-C} _ ¢Z-F) • (Z-H) i_&GR T (Z/((Z-a) _ (Z-_) • {Z-E) i (Z-1.0) ) )

G_A (Z] = ¢Z-8) _' (Z-I .{_) _$eR]_ (Zt ((Z-{_) i_ (F-Z)) )

i

L _,r_ (z) : (z-6) • (z-_.oi *Se_T (Z/( (Z-_I * (F-Z_ ; _ 1 i

±

&pl_lr (Z) = (Z-D) • |Z-I .D) _S,_R T {Z/( (Z-A] • (Z-D)) )

GZA IZI : IZ.C I _ (Z_r) ,_, IZ_I oOI _,_R ,[ IZ/ I (Z__.I _I IF.ZI _,IH.Z) _ I),| _Zl l )
GZ_ (Z] : (Z-C) _(Z-{) _(Z-L.(_i_S_R'[(Z/((A*Z},_{F-Z)_(H-ZJ#(A/,-Z) ] )

L GZF ¢Z) : (Z-C) • (Z*_) • |Z-I .D} _SGRT (Z/{ (Z-A) • {Z*5) _, (H-Z) t/(A | -Z) ) ;

GZPI(Z):iZ-EJ'_(Z-_.)_(Z-I*[_)_'SeRT(Z/((Z'A)_(Z-{]}_(Z'F)I'{AZ-Z)}) ]

(

t

GXC(Z)=GA{Z)_(Z-D)_¢,P_4Z "]

r_Z|(Z)=iZ-C]#(Z-E)_(Z-1.D)s._aRT(Z/t(Z-A)tI(Z-B)#(Z-F)tI(Z-H))) _ &XO(Z):GG(Z)/$e(_T(&-Z)

GXA(Z):(Z_C)_(Z_I.D),I_S_RT(Z/(Z__,))_(D.Z),_,pNZe(F.Z)_I(._p ) _-_fl GXE(Z]=e_(Z)_(Z-F)I_(-_,P}

G'r8 (Z) :_a (Z) • (F-Z) _ (- ¢,P) { GVA (Z) :_)F (Z) _$_R T (Z/(Z-O)

J#

1

:.VD {Z) :_F _Z) _.SG_T {Z/ CZ-,I,) } _ G TA (Z) =QK (Z) /$eRT (C *Z) _
_V_: (Z) =i)G (Z) / (.SeR T (H-Z) _ I:¢,- Z) _'_'(.P) ¢,T_ (Z) =gK (Z_/$gRT (Z-8) "]

GVD (Z} :eG (Z) /_ T (H-Z) • (Z -r ) _I_;p (,TC (Z) :_IL (Z) eSteR T ((G'Z) / (H-Z/) DUN: (UP-ALOb/J /FLOA I" (NPOI NT-1 )

&V£(Z):_G(Z)e((Z-_')/(Z-G))_.P i i GTD(Z):OL(Z).$_RT((Z-G)/(Z-F)) ,

w'

N]'_rP[o£(I. $

Z08



.... 7

...... .wr

NO

J

(a Ta (,e_lF" ( $ l N_ ) NTYPF''_" _T=_ZA (SING;

I

,(

L

r

i._ ;,T_.&VDi$|k#(, ) _ MT'fPE.EII1,6_'

'% No \
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RG'I_[AT TO 4L'l_ ___jr

Fogt

I:,Z ,Z_l • • •. o_'OlNT

(

AS&CiiJ=AS$C||';)tFF_(UP-AS$C(|-I))/FLOAT(NPO|NT-|÷I)FF.=FFtFF

\

(

[ _] i; _ R_PCAr T° 4_zr_r,z,;

L rF:rr.r_
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COMPUTED GO TO

IF THE VALUE TRANSFER

OF NTYPE TO

IS STATEMEN"

l l

2 2

3 3
4 4

5 4

6 4

7 4

8 4

9 4

]0 ]0

II II
12 12
13 13
14 14
15 4
16 4
17 4
18 4
19 4
2O 4
21 4
22 4
23 4
24 4
25 25
26 26
27 27
28 4
29 4
3O 4
31 4
32 4
33 4
34 34
35 35
36 36
37 36
38 38
39 39
4O 4
41 4
42 4
43 4

_{45
46
47
48
49
5O
5!
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
7O
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

4
4
4
4
4

5O
51
52
53
54

4
4
4
4
4
4
4
4

63
64
65
66
67
68

4
4
4
4
4
4
4
4
4
4

79
8O
81
82

4
4

4
4
4
4
4
4
4

[E 116, :J N [ YPE.=J-----_

/ oo,o,ooj
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F_*_*°*_*_°_-°*_'"_**_°-*__-_°°*°_o_I
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Subroutine LOAD (Deck 55VW). This subroutine computes the loading
on each configuration to produce minimum induced drag. The data in the
ALOAD array (see description of subroutine STORE, Deck 55VS) are
shifted so that pylon and span coordinates increase with pylon length
or outboard spanwise location. Subroutine L_AD uses subroutine INTEST,
TABLOD, and INTERP to actually compute the loading, and then writes out
the results.

q
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_0002

O00002

OOO002

000002

OOO0O2

0o000_

000017

000017

000021

O000Z4

OOOO25

000031

000032
O0O035

000037

0000_2
0000_4

000046

000050

000052

O00064

000057

OnOO61

O000b_

000066

000071

SUBROUTINE LOAD 5_vwo010

5_v_0020

THIS SUHROUTINE INTERPOLATES IN THE ALOAD ARRAY TO DETERMINE THF 5_VwO030

LOAD DI$1RIBuTION TO PRODUCE MINIMUM INDUCED bRAG. 5_Vwo0_o

5_VwO050

COMMON OAIA¢IT)• A_SC(50)• ORO{50). TABLE(50)• ALOAO(_O00)• AA(16)5%VWO060

A • TAR((o|)• OPt GPM2• GPP2_ CG, OMGP• CONR• CON(• ILASI_ C2, C3 5_VwO070

B • CI_ R_ 55VwQo_O

55VwOo90

EQUIVALENCE (DATA( I1, A) • (DATA ?). B) 55VWOIO0

A • (DATA( 3)_ C) t' (DATA( 4)_ D) _ (DATA 5)o E) 5_VwOl10

B t (DATA( 6)_ F) • (DATA( 7)• O) • (DATA R)* H) 5_Vw0120

C • (DATA( 9)_ All , (DATA(TO)• MODE) • (nATA II)o NTYPE) 5_VWoI30

D • (OATA(12)t ININT) t (DATA(13)* ETAIRQ) o (DATA |A)• ETAORQ) 5_Vwol_O

E * (DATAII5). PIREQ) o (DATA(IA)o POREG) I (DATA 17)o GAMMA) 5_VWoI50

EQUIVALENCE (TAR.NN) 55VwOIAO

55VW0170

LOGICAL LESS 5_VwOI80
55VW0190

NN • ININT 55VWO_O0

5_Vw0210

TRANSFER TO CODING FOR SPECIFIC CONFIOURAIION 5SVWO?20

55Vw0230

55Vw0240

5_VwoPSO

5_VwOP60

WiNG WITH ONE PYLON 5%VwopTO

5_Vw02_O

CORRECT ALGEHRAIC SIGNS IN TgEFFTZ PLANE 50. THAT CoOrDINATES ALONGS%VwoP90

PYLON AND SPAN INCREASE wITH PYLON LENGTH OR OUIROARD SPAN 55VW0300

LOCATION. 55VW0310

GO TO ( 100, _00• 3005 ¢00, 500• 600, 700 ) , NTYPE

I00 ConTINUE

O0 101 I=I•ININT

ALOAO(I+150) = ALOAO(I+ISO) + ALOAD(ININT+50)

ALOAO(I+350) • ('ALOAD(I+350))

('ALOAD(I+_50})DO I0_ I=I,IN NT

ALOADII,350) • ALOAD(ININT'350) - ALOA_(I+35_)

ALCAD{I+550) • ALOAD(ININT+550) - ALOAD(I+5_)
I02 ALOAD(I,_50) = ALOAO(I,_50) • ALOADIININT+ISn)

5S • ALOAO(551) - ALOAD(ININT+550)

PL • ALOAD(ININT+PSO) - ALOAD(25I)

IOI ALOAD(I+_50)

SET UP TAB ARRAY FOR INTERPOLATION TO DETERMIN_ LOADING ON WING

CALL INTEST (_50, 551)

CALL TAF_LOn (5511

CALL INTERP ( O, SS)

ALIFT • TAHLE(ININT)

CALL |NTERP ( I00. SS)

ALIFT • TARLE(ININT) + ALIFT

CALL INTERP t ¢00. $5)

ALIFI • TAHLE(ININT) + ALIFT

DETERMINE LOADING ON PYLON

CALL INTEST (250, 351)

5%VW0320

5%Vw0330

5_VwO_40

5%Vw0350

5%Vw0360

5_Vw0370

5_Vw_380
5_VwO3gO
5_VwO_O0

55Vw0410

5_Vwo_20

5_VwO_30

SSVwO_O

5_VwO_50

5_Vw_60
5_VwO_lO

5%VwO4BO

5_VwO_90

55Vw0500

55vw05]O

55V_Q520

55Vw0530
55Vw05_O

55Vw0550

55VW0560
55VwosTo
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000013
000075

OOOO?7
0o0102

00010'

000112

00O112

O001k4

0o0117
0o0k20

O001Z3

00O144
000144

0001_5
000147
0(10152

000166
000166
oNOlb?
nON?I|

000174

onoZ_O

O00Z|O

000210

000_|2

000_14
000_15

000216
O00Z20
000_23

000224
0002_7

O002Jl

000233

000236
O00Z_O

000245

0002_6
000253

O0O254
O002bl

O0O2O3

000265

000267

0002?|

O00Z_3

000215

CALL TABLOO (351} 5_Vw0580

CALL INTERP ( 200. PL) S_VWOSgO

BLIFI - TAHLE(ININI} 5_Vwobo0

OU_I • _LIFT / ALIFT e PIREQ 55Vw0610

wRIIE (6,103) DUMI 5_Vw0620

|03 FORMAl (iHl, 26X. 21H WING WITH ONE PYLON /I RN, 45H RATIO OF LOA55VWo530

AOI_G ON PYLON TO LOAD ON wING • ,FIA.R// RX, 4HWINO t 2IXo 5_VwO&40

H IoHELLIPIICAL / 6Xo RHSPANWISE , ?(HXt 6MWING )_ 7X, 5HPYLON , 55Vw0650

C IO x, _HPYLON / 5X, IoHCOOHDINATF , bX, 7HLOADING t 7Xo 7HLOAOING 54Vw0660

O , 5X, IOHCOOROINAIE w 6x. 7HLOADING II) 55Vw0670

00 104 I=I,ININI 55VwoGBO

ALOAOII ) • ALOAD(I ) / ALIFT 55VWoGgO

ALOAOII$200) • ALOAD(I*200| / HLIFI 5_VwO700

OU_ • FLOAO(ALOAD(I.50)) 5_Vw0710

104 wRITE (5,105) ALOAD(I*50)_ ALOAD(1), OUMt ALhAD(I*_50). 55VW0720

A ALOAO(I*200) 55VW0730
105 FORMAT (]H , _F)4.8) 5_Vw0740

O0 lOb I=I_ININT 5qVw0750

ALOAD(I'IOn) = ALOAD(I*IooI / ALIFI 5_Vw0760

DUW • ELOAD(ALOA_(I'ISO)) 55Vw0770

106 W_ITE (6.107} ALOAO(I,150), ALOAO(I*Io0). DUM 55VWo7Ho

|07 FO_MAI (IH . 3FIA.B) 5_Vw0790

DO IOH I•I.ININT 5_VwOAO0

ALOAD(]*400) • ALOAO(I.to0) / ALIFT SpVwO_IO

DU_ = FLOAI)(ALOA_(I$4_O)) 5sVwoR_o

108 wRITE (b,I07) ALOAD(I._50), ALOAD(I,400), OUM 5SVWo_30

RFIUHN 5_VWoR_o

200 COnTINuE 5_VwoR50

C 5%VWNR60

WInG WITH TWO PYLNNS _ELOW 5_Vw0870

C 5_VwORflO

O0 201 I=I_ININT 5qVwosqo

ALOAD(I* 50) • (-ALOAD(I* 50)) 5_VwOQO0

ALOAO(I.|50) • (-ALOAD(I.|50)) 5SVWoQIO

ALCAO(I*?50) = (-ALOAD(I,250)) 5SVwOqZO

ALOA()(I,TbO) = (-ALOAOII*750)) 5_Vw0930

20| ALOA_(I*850) = (-ALOAD(I.850)) 5SVWOg_O

DO 202 I=I.ININT 5%Vw0950

ALOAD(I*ISo) = ALhAD(l-I50) • ALOAOIININI$50) 5_Vw0960
ALOAD(I.35_) = ALOAD(ININT*350) - ALOADII,35_) 5_Vw0970

ALCADII,750) • ALOAD(I_I_T*750) - ALOAOil,Tsn) 5_VWoqSo

_02 ALOAD(I*qSO) = ALOAD(ININT.qSO) - ALOAD(I*95_) 55VWoq90

00 Z03 I=I.ININT 55VW|O00

203 ALOADII**50} = ALOAO(I,_50) * ALOAD(ININT*|50) 5qVwIOlO

_0 204 I=I_ININT 5_Vwl020

204 ALOAD(I-550) • ALOAD(I.550) • ALOAD{ININT-45_} 5_VwI030
O0 205 I=I,ININT 5qVWloAO

205 ALOAO(I*R50) = ALOAD(I-RSO) • ALOAO(ININT*ss_) 5_VWI050

SS • ALOAD(QS|) - ALOAO(ININT*qSO) 5_VW)060

Pl • ALOAD(ININT*250} - ALOAD(251) 5SVWI070

PO = ALOAD(IN]NT*650) - ALOAO(bS]) 5qVw|O80

C 5_VwlOq 0

C SET UP TAH ARRAY FOR INTERPOLATION IO DETERMIN E L_AO ON WING 5_VwllO0

C 5_VWlllO

CALL INTEST (R5_, 951) 5_Vwl120

CALL TAHLOD (QSI) %_VWII30
CALL INTEHP ( O. SS) 55VwIIAO

ALIFT • IAHLE(ININI| 5_VW|I50

.f
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000300
000J02

000305

000307
000312

000314
000317

000321

000324

0n0326
000330

000332

000335

0003J7

000341
000343

000346
000350

000352

000362

000352

000364
000357

000370
000372

000375

0004_2

000_22
000423
000_25

000430

0004_4

0004_4
000_5

000_47

OnO4b_

000_

OnO_bP

00041!

000414
000st0
00051_

00051_
O005|h

CALL INTER? ( 100, S_|
ALIFT • TAbLE(IN[NIl * &LIFT

CALL INTERP ( 400, SS)
AL[FT • TA_LE(ININT) * ALIFT
CALL INTEgP ( _00, SS)

ALIFT = TARLE(ININT} * ALIFT

CALL |NTFgP ( B00, SS)

ALIFT • TAHLE(ININT) * ALIFT

DFTERMINF LOAD ON INROARD PYLON

CALL INTEST (750, 351)

CALL TAHLON (3%1}

CALL ]NTERP (200, P])

BLIFT = TAHLE(ININT}

DETERMINE LOAD ON OUTROARO PYLON

CALL INTEST (650+ 751)

CALL TA_LOR (751)

CALL INTERP (&O0+ PO!

CLIFI • TARLE(IN|NT)

DUPI • RLIFT / ALIFT • PI_EO

DUN? • CLIFT I ALIFT * POREQ

WR%TE (6,206) DUM}t Dt_M_

206 FORMAT (IHI, ?AX_ 26H WING WITH TWO PYLONS RFLOW

A 44H RATIO OF INBOARD PYLON LOAD TO WING LOAD =

/1 12X,

,FI_,R /llX,

5_Vw_l_O
_VWI_ITO

5qVw419o

5_vwI200

5_Vw1210

5_Vw)220

5_vw1730

55vw) _0
5_vw)_50

5_VW'260

5_vw'>TO

S_vw' _0

5_vw _o

5_Vw' O0

5_VW' IO
_vw 20

5_VW 30

55VWl 40

55VW) ,50

55VWl 60

55VwI .70

5_vwI_O

55vwi .gO

-5_vw} O0

5_VW} %0

_%VW420

R 45H RATIO OF OUTBOARD PYLON LOAD TO WING L_AD • +FI¢.R // 6Xt 55VW

C 4HWI_G _ ISX, |oHELLIPTICAL + _(3X_ 7H|NBOA_D) , IX+ 2( 3X_ 5_Vw

BHOUTRUARO ) / 4X+ RHSPANWISE + 5_+ 4HWING + ?X, 4HWING + 5_VW

E _{ 7X_ 5HPYLON , 5X_ 5HPYLON) I 3X+ _OHCOOR_INATF + _X, 55Vw

F IHLOAI)IN_ _ CX, 7HLOADINO , 2l 3X_ IoHCOh_INATF , 2X. 7HLOA_INGS_VW

G ) //}

00 207 I=I,ININT

AL.GAO(I ) • AL_AO(I ) / ALIFT

ALOAD(I*200) • ALhAD(I*_O0) / BLIFT

ALQAO(I*6001 = AL_AD(I.600) / CLIFT

DU_ • ELOAD(ALOAD(I'50))

201 wRITE (_2_) ALOAD(T,50), ALOAD(1), DIIM, ALflA_(I*?50)*

A ALOAD{I*?O0). ALOADII_650}_ AL_AO(I+600)

20R FORMAT (|H . 7FII.6)
DO ?0q I•_,[NINT

ALOAD(I*IOa) = ALOAD(I-|o_) I ALIFT

OlJ_ • FLOAII(ALOAO(I*_SO))

?09 wRITE (6.210) ALOAD(I*}50)e ALDADII*Io0), DUM

_|0 FORMAT (IH , 3F||.61

DO ?If I=I,ININT

AI.OAD(I*40_I • ALOAD(I*40_} / ALIFT

DI)_ • ELUAI) IALOAD(I*_50)}

?IT WRITE (fi,E]Ol ALOAOII*_50)* _LOAR(I*400)* DUM

llO 2I? I=I+ININT

ALOAD(I*_O0) • ALOAD(I+500) / ALIFT

I)IIM • FLOA_(ALOAO(I*550))

?|? wRITE (6,210) ALOAD(I*550}_ AL9AD(I*500)* DUM

O0 _13 I•I+ININT

ALOA[J(I*ROh) • ALOAD(I+Ho0) I ALIFT

OIIW • FL(JAFI(ALOAO(I*R501l

FI$ wRITE (_*_|0) ALOADII*R_O), AL_AOII*800)+ DUM

55VW

5_VW'

59VW'

59VW'

55Vw

59VW'

55VW

5_VW

55VW

55VW

59VW

5£VW

55VW

5_vw'

5_VW

5_VW

5_Vw

5_VW

5_VW

5_Vw

55Vw

5_VW

5_VW

5_VW

55VW

5_VW

_.30

4_0
45O

460

4,frO
490

500
5]0

520
530
540

550

560
_,TO
5BO
590

600

_lO

_20
&30
A40
_50

_,_0

AlO
f_UO
_.9.0

TO_O

710

720

T30
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000532
0OO532

000532

00053¢
00053T
0005*2

000543
0005'_

000550
000552

O00bb3

000555

000557

OO05bl
O005bh

000506
000510
000572

0005T5
0005?7

000605

000605

000607

000612

000613

000616

000637
000637

000637

000637

0006_

O00b_

O00bw6

000641
000051

000_53
000055
000661

000652
000655

O00bll

0006?3

ooorol
000102

000;0_

RETUHN

300 ConTINUE

Wlng wIT_ HONIZ(I+',_ . TAIL (BIPLANE)

DO 301 I=|.ININI

ALOAD|I*}50) m AL})_DII,}50} - ALDADI|NINT+I_O)

ALOADlI+350} • (-ALOAD{I.350)) - ALOAO(ININT._50|

ALGAO{I+?50} • (-ALOADtI.ZSO)}

ALOAD(I-450) • t-ALOAO(I,_50))

30| ALOAO(I*550) • ALOAD(ININT'550) - ALOAD(l*550)

55 • ALOAD(ININT*50)

Pl • ALOAOI551)

CALL INTEST t 50, 151)

CALL TARLOD (151)

CALL INTERP ( nt SS)

ALIF7 • TARLE(ININT)

CALL INTFSI (450+ 551)

CALL TABLOD {551)

CALL INTEHP (400, Pl)

BLIFT - IAHLE(ININT)

DLJWl • BLIFT / ALIFT • PIREQ

WRITE (6,302} DUB]

302 FORMAT tIHI_ lBxo 37M wing WITH HORIZONTAL TAIL (BIPLANE) //TX,

A 4bH RATIO OF HORIZONTAL IAIL LOAO tO WING LOAn m + F|4,8 //

R 2(BX,THwING ) , 5W, IoHELLIPTICAL + ?(6X, iOHMORIZONTAL) I 8X,

C _MSPAN $ 9X$ 5HLOCAL $ IoX$ _HWING + 7X+ InHIAIL SPAN _ 7W,

0 4HIAIL / 5X, IoHCOoRDINAIE e 5W_ 7HLOAOING • 7X+ 7HLOAOING o

E 6X, IoHCOOROINAIE _ 5_ 7MLOADING II)

O0 303 I=IoININT

ALOAD(I ) • ALOAO(I ) / ALIFT

ALOAD(I+400) • ALOAD(I+400) / BLIFT

DUB • _LOAO(ALOAD(I+50))

303 WRITE (0t304) ALOAOtI+50)+ ALOADII}t OHM• ALOAD{I•_SOit

A ALOAD(I+_o0}

30¢ FO_T I|H e 5FI+.8}
R£TUWN

• 00 ConTINuE

WlnG wITH PYLON ON TOP AND ON BOTTOM,

+0|

*02

'_03

DO _01 I-I,ININT

ALOADII+ISn) • (-ALOAD(I+150)) - ALOAD(ININT+ _0)

ALOAD(I¢ 50) • (-ALOAD{I+ 50))

ALCAO(I+250) • (-ALOAO(I._50))

ALCAD(I*_50) • ALOAO(ININT+350) - ALOAD(I.]5_)
ALOAO(I,650) • {-ALOADtl.650))

ALOAD(I*750) • ALOAD(ININT•750) - ALOADiItTSo)

ALOADlI,950) • ALOADIININT+950) - ALOADII+gsh)

DO _02 I•I,ININT

ALOAD(I,_50) = ALOAOtI*_50J + ALOAD(ININTeI_)

ALOAO(I*HSO) • AL_ADt951) - ALOAD(I+BSO) + ALOAO41NINT*RsO)

O0 _03 I=IeININT

ALOAO(I'_50) • ALOAO(I+5_O) - ALOAO(ININT¢5_n) • ALO_D(R_I)

55 • ALOAO(ININT,_50)

PI • ALOAO(ININT+_50)

PO = ALOAOtININT•650)

55Vw 7_0

5_Vw750

5_Vw 160

5_vw 770

5%VW 780

55Vw 790

5_VW RO0

5_Vw RIO

55Vw R20

55Vw _30

5_VW R60

5_Vw R50

5_vw A60
55VW1870

55VW)_80

55VwIRgO

5_Vw1qo0

55VWlqlO

55VW1920
5_Vwlq30

5_Vw1960

5_Vw}_SO

55Vw}960

5_vw1970

55VW1980

55VW}990

55VW?o00

5_VwPoIO

55Vw2020

5_VwP030

5_VwPo_O

5_Vw?050

55VW2060

5_Vw?070

55VwPoBO

55Vwpo90
55VwPIO0

5_VWPIIO

5_Vw2120

5_vw?130

5_VWPl_O

5%vwpISO

5_vwpl60

5_VwPI?O

5_vwpl60

5_vw2lqO

5_vw?200

5_VW2210

5_Vw7220

5_VW7230

55Vw2_0

5_Vw?_50

5%Vw2260

55Vw2270

5_Vw22RO

55Vw?2gO

5%Vw2300

55Vw2310
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nnoTo5
ooo705

OOOlO7

ooo711
ooo713
ooo714

ooo715
ooo717

0001_2

000726
000727

000730

O00tJ2
000735

000l_l
o0o?_

0001_6

000150

0O01b2
000154

000?57

000101
000703

000/05

000770

00011£
000714

000176
001001

001003
0O1005

001015

001015
001011

0010_Z
0010d3

OOIOZ5
001030

001055

00L055
00105b

001Ub0

¢ PERFORM INTERPOLATION FON AND INTEORAT1ON OF LOADING ON wIND
C

LESS • .TRUE.

CALL TABLOD (g5|)
CALL INTERP( 0o SS)

IF (ILAST .EU, I) GO TO 404
LESS • .FALSE,

CALL IAHLOD (PSI)

CALL INTER? ( 0, SS)

404 ALIFI • IAHLE(ININI)

CALL INIENP (IOn, SS)

IF IILA5T ,EQ. l) 60 TO 405
LFSS • ,FALSE,

CALL TAHLDD (AS1)
CALL [NTEHP (TO0, SS)

405 ALIFT • ALIFT * IAHLE(ININI)

IF (LESS) CALL INTEHP (400, SS)

IF (LESS) CALL TAHLOO (RS|)

CALL INTEHP (AO0, SS)

CALL INTEST (t,_Ot 551)

CALL TAHLOO (551)
CALL INTFHP (400, SS)

ALIFT • ALIFT • TAHLE(ININT)

C

C PERFORM INTERPOLATION FOR INBOARD PYLON
C

CALL INTEST (?50, 351)

CALL TAHLOD (351}

CALL INTERP (2ON, Pl)

RLIFI • TAHLE(ININT)

C ..

C PERFORM INTERPOLATION FOR OUTBOARD PYLON

C

CALL INTEST (650, 751)

CALL TAHLOD (751)

CALL INTEHP {600, PO)

CLIFf = TAHLE(ININT)

OU_I • HLIFT / ALIFT • PIREO

DI_W? • CLIFT / ALIFT *'PORE(}

WRITE (6,406) l)t)Ml, Or)M?

406 FORMAT (IHI, ?l X, 39H WING WITH PYLON ABOVE &NO PYLON BELOw //

5_VW_320

5SVw?330

5_Vw7340

55VW7350

5SVw?360

5_Vw2370

5_VW2380

5_Vwp3gO

SSVw?400

5qVw?+10

55Vw2420

5_VW?+30

55Vw?440

55VW2450
55vwpA60

%SVW?470

5_Vw?4_O

5_Vw2490

55Vw?500

5SVw?510

S%Vw2520
55vw2530

5_vw?540

55vw2550

5_Vw2560

55VW25/0

55Vw2580

5_Vw?590

5_VW2600

5_Vw?h]O

5qVw2620
5_VW2630

5_VW2640

5_VW?_50

5%Vw2660
55Vw2670

5SVw?_80

5_Vwp&90

55Vw2700

55vw2710

55Vw2720

A l?X, 44H RATIO OF INBOARD PYLON LOAD TO WING tOAO • + FI4,8 / 5_Vw?730

H fIX, 45H RATIO OF Ot)TROAR(} PYLUN LOAD TO WING LOAO • • FI4,B // 5_VW2740

C _MX, _HWING , ?X, ?( 3X+ RHINH_ARD ) • ?( _W• 8HOUIBOARD) / 3%, 55Vw2150

D 10_*]NG SPAN , 4X, 4HWING . 4X_ IoHELLIPTICAL + 4(3X . 5HPYLON 5_VW?760
E , 3x) / 3x, IoHCOoRDINAIE , _( 3X, 7HLOADING) • _( 3X,

F |OHCOOH_INATF , _X, 7HLOADING ) //)

DO 407 I=I,ININT

ALOAOII ) = ALOADII ) / ALIFT

ALOADII*200) = ALOAD(I+_o0) / HLIFT

ALOAD(I.600) • ALOAD(I.600) / CLIFI

OtI_ = FLOAD(ALOAD(I+50))

407 wRITE (6,40_) ALOAO(I*50), ALOAO(1), DUM, ALOAO(I*?50}*

A ALOAD(I•_00), ALOAD(I.650), ALOAD(I*600)

408 FORMAT (]H • 7FII.6)

00 _Oq I-I,ININT

ALOAU{I.I00) • ALOADII*Io0| / ALIFI
OlJM • FLOAD(ALOA04I*|50))

5_Vw7770

55Vw?780

55Vw2790

5£VW?RO0

55VW?BIO

55VW?RAO

5_VwPB30

5_VWPRAO

55VW2850

5_Vw?R60

55VW?B70

55Vw2_0

55Vw?Rgo
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001063

001077

001077

OOltO0

001105

001121

00|I_I

0011_I

O011Z3

0011_6

001130

001132

001133

001136

001162

0011_3

O0114b

0O1153

001154

OOllbb

001151

0O1161

001163

001155

O0110T

OO1172

001174

001176

001200

0O1202

001204

0O12O7

O01211

001213

001215

001220

001223

001225
001221

001231

00123A
O012Jb

O012sO

C

C
'C

409 wRITE (6,4|0) ALOAO(l+i50)t ALOAO|I*Io0) , OiJw
410 FORMAT (IH , 3F11.6)

DO 411 I-I,ININT

ALOAO|I*400) = ALOAO(I*400| I ALIFT
bLIM • FLOAD(ALOAD_+_50)}

411 WRITE (6,410) ALOAO(I*450)* ALOAD(I*400), DUN

RFTURN

500 CONTINUE

501

5O2

521

52Z

WING wITH DIHEDRAL AND PYLON BELOW AT DIHEDRAL BREAK

D0 501 I-ltlNINT

ALOAD(I+IS0) • ALOAO(I+I50) * ALOAD(INXNT+ 50)
ALOA0(I+350) • ALOAD(I*350) - ALOAD(|NINT*350)

ALOA0(|'450} • ALOAD(I.450) • CG

ALOAD{I*550) • ALOAD(I.550} * CG

ALOAD(I+650) • ALOA0(ININT+650) + ALOAD(ININT*TS0) - ALOAD|I'650I

ALOAD(I*750) - ALOAD(ININT'750) - ALOAD(I*?50}

DO 502 I•I,ININT

ALOAO(I'450) • ALOAD(ININT'IS0) " ALOAD(I+45_)
ALOAD(I*550) • ALOAO(ININT'550) - ALOAO(|+SS0) + ALOAD(651}

55 • ALOADiININT+450)

PI • ALOAD(ININI+_SO)

DETERMINE LOADING ON WING

CALL TARLOD (751)

CALL INTERP ( O, SS)

IF (ILAST oEQ. I) 00 TO 521

CALL TAHLOO 1651)

CALL INTERP ( O. 55)
ALIFI • TAHLE(ININI)

CALL INTEHP (100,$5|

IF (ILASI .EQ. 1) G0 TO 522

CALL INT_ST (150, 651)

CALL TAHLOD (651)

CALL XNTEHP (100.SS)

ALIFT - ALIFI • TABLE|ININI}

CALL INIEST (450, 551)

CALL TAHLOD (551)

CALL INTERP |400,SS)

ALIFI - ALIFT * TABLE(ININT)

CLIFf - TARLE(ININI) / CO

DETERMINE LOADING ON PYLON

CALL INTEST (750. 351)

CALL TAHLOO (351)
CaLL INTERP tS00,PI}

BLIFI • TABLE(ININI}

DU_] - RLIFT / ALIFT • PIREQ

OUr2 • CLIFT / ALIFT

wRITE (6,503) OUMI. DUM2

55Vw2900

55VWpq10

55Vw?920

55VW?930

3_VW7940

5_VW?gS0

55VwPq60

55vw_g70

55VWSgS0

55VW?gg0

55VW3000

5_Vw3010

55Vw3020

55Vw3030

55Vw3040

5_VW3050

5_VW3060

55Vw3070

55VW3080

55Vw30g0

55Vw3100

5_VW3110

55VW3120

55VW3130

55Vw3140

55Vw3150

55VW3160
5SVw3170

55Vw3180

5SVW3lq0

5_vw3200
55vw3210

55vw3220
55vw3230

5_vw3_40

55vw3250

55vw3260

55vw3770

5_vw3280

55vw3_g0

55Vw3300

55vw3310

55vw3320

5_VW3330

5SVw3340
5_VW3350
5_Vw3360

5gVW3370
5_VW3380

55VW33gO

55VW3400

5_Vw3410

5_vw3_20

503 FORMAl (IHI, 13x, 48M WING wITH PYLON AND DIHFDRAL OUTBOARD OF PYLSsVw3430
A0N 11 10Xo 41M RAIl0 oF PYLON LOAD TO WING LIFT Chad • ,F14.7 //55VW3440

H b_M RATIO OF OUTBOARD wING PANEL NORMAL LOAO TO WING LIFT L55VW3450

C0ag • , F14,7 II 2BX, BHOUTHOARN 1 IBX, 2(SH wING o 61) , 55VW3460

0 1onELLIPTICAL /4X, 10HwING SPAN o 51, 4HLIFT , 6X, 6HNORMAL • 55VW3470

.
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,f

%

001247

001251

001254

001255

001260

001301

001301

00130_

001304

001307
001323

001323
001324
0013Z6

00133O

001333

001351

001351

00135|

001351

001353

001356

001360

001362

001363

001366

001372

001313

0013/7

001_01

0oI_05

001407
001414

001415

0oi+17

0o1420

001421

001423

001425

0oi_27

001430

001431

001433

001436

001440

001_42

001443

001444

001446

E BX, aHWING . 2{ 7X+ 5HPYLON) / 4X, IOHCOORNINATF + 3( 3X,

F 7HLOAOING t 2X) , 2X, IOHCOORDINATE , 3Xt 7HLOANING //}
DO 504 I-I.ININI

ALOAD{I ) • ALOAD{I } / ALIFT

ALOAD(I*200) • ALOAD(I*2001 /BLIFT

DUM • ELOAD(ALOAD(I+50))

504 WRITE (6,5051 ALOAO(I,50), ALOAD(I), DUM, ALOAD(I+?501,
A ALOAD(I.200}

505 FORMAT (IH , 2F12,7. 12X, 3F12,71
DO 506 I=I,ININT

ALOAO(I+Io0) • ALOAO(I*IoO) / ALIFT

DUM • ELOAD{ALOAD(I*Iso))

506 WRITE (6,507) ALOAD(I+]50}, ALOAD(I*Io0)* DUM

507 FORMAT (IH t 2F12,7+ 12X, F12.7)
DO 508 I=I,ININT

ALOAO(I*400) • ALOAD(I*400) / ALIFT
DUMI • ALOAD{I+400) / CO

DUM • ELOAO(ALOADtI*4501)

508 WRITE (6,509) ALOAD(I+450}_ ALOAD{I*400}. DUM_t DUM

509 FORMAT (IH , 4F12.7|

RETURN

600 CONIINuE

WING WITH INBOARD PYLON AND OUTBOARD DIHEDRAL

DO 601 I=I*ININT

ALOAO(I*1501 • ALOAD(I+1501 * ALOAD(ININT* 5_)

ALOAD(I*3501 • ALOAD(I*3501 - AL_AD(|NINT.35_)
ALOAD(I+6501 • ALOAD(I*6501 • CG

ALOAD(I'750) - ALOAD(I*750) • CG

ALOAD(I*8501 • ALOAD{ININT'g50) - ALOAD(I+Es_}

601 ALOAD(I+g50) • ALOAD(ININT*950) - ALOAD(I+950)

DO 602 I=I.ININT

* ALOAD(ININT*8501

ALOAD{I*_501 • ALOAD(ININT+1501 - ALOAD(ININT.4SO) - ALOAD(I*550)

ALOAD(|*4501 • ALOAD(ININT*1501 - ALOAD(I*4501

602 ALDAD{I+750) • ALOAD(8511 * ALOAD(ININT.750) - ALOAD(I*7501
DO 603 I•I,ININT

603 ALOAO(I*650) • ALOAD(ININT*550| - ALOAD(I*65_)
SS • ALOAD(ININT*650}

PI • ALOAD(ININT.2501

DETERMINE LOADING ON WING

621

622

LESS • .FALSE.

CALL TARLOD (0511

CALL INTEWP ( O, SS}

CALL INTEST (_50. e51)

IF (ILAST .EQ. I) GO TO 621
LESS • .TRUE.

CALL TABLOO (_5_)

CALL INTERP ( O. $51

ALIFT • TABLE(ININT)

CALL INTERP (100, 5S}

IF (ILAST .CO. 1) GO TO 622

LESS • .TRUE.

CALL TABLOD (R51)

CALL INTERP (I00, SS)

ALIFT • ALIFT * TABLE(ININI)

55Vw3+80

55Vw3490

55VW3500

55VW3510

55Vw3520

55Vw3530

55Vw3540

55Vw3550

55Vw3560

5_Vw3570

55vw3580
55VW3590

55Vw3600

55VW3610
55Vw3620

55Vw3630

55Vw3640

5_Vw3550

55Vw3660

55Vw3670

5_VW3680
55Vw3690

55VW3700

55vw3710

55vw3720

55VW3730

55vw3740

55VW3750

55Vw3760

55Vw3770

55Vw3780
55Vw3790

55VW3RO0

55VW3RlO
55V._3820

5%VW3R30

55VW3840

55Vw3850

55Vw3860

55Vw3870
5_Vw3880
55Vw3RO0

5_Vw3gO0

55VW391O

55Vw3920

55Vw3930

55VW3g_O

55Vw3950

55Vw3960

55VW3970

55Vw3980

55VW3990

55Vw4000

55Vw4010

55Vw4020

55Vw4030

55VW4040

55VW4050
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O01_bl

001453

001455

001.56

00_457

001464

001461

O01N71

001_74

001476
0o1_00

00_502
001505

001510

0O1512

00151_

0015L6

001521

001523

0015Z5

00153_

001534

O01536
001b_l

00_5_2
0015_5

001566

001567

00_571

001514

001610

O01blO

00161]

001_13

001016

0016_2

001633
O0|_J5

0016_0

001654

001055

001657

O016O|

001664

00110_

CALL INTEHP (400, SS)
1F IILAST ,E_, |) GO TO 62J
LESS = ,TRUE,

CALL TAHLOD (85])

CALL INTE_P [_ _ _

_3 ALIFT - ALIFI * TA_LE(ININT}

IF (,NOT, LESS) CALL TABLOD (851]

CALL INTEMP (_00+ SSI

ALIFT • ALIFT + TABLE(ININT)
CALL INTEST {650, 751)
CALL TAHLO0 (751)

CALL INTENP 4600, SS)
ALIFI • ALIFI • TABLE(ININT)

CLIFf • TABLE(ININT) / CG

OETERMINE LOAOING ON PYLON

CALL INTEST (250, 351)

CALL TAHLOD (35])

CALL INTEWP (200, PI)

RL[FT • IAHLE(ININT)

DUM] • HLIFT / ALIFT - PIREQ

DIJ_ _ CLIFf / ALIFT

wHITE (6,604) DUMI, DUM_

55Vw_060

55Vw4070

55V_4080

5_Vw_O90

55VW4100

5_Vw4]IO

55VW4120

55Vw4130

5_Vw_140

55Vw4150
55Vw4160

5_Vw4170

5_Vw4180

5_VW41gO

5_Vw4200
5_Vw4210

5_Vw4220

55Vw4230
5_Vw4240

5_Vw4_50

55VW4260

5_Vw4270

55Vw4280

5_Vw4?gO

60A FOHMAT (IH|, 80H wING WITH ONE PYLON INROARD ANO OUTROA_D OIHS_Vw+300

AEORAL wlT_ HHFAK GuTHOAHO OF PYLON 1/ fOX, _IH RATI_ OF PYLON LOA55Vw431O

HO IO WING LIFT LQAU = ,F|5.8 // 3X_ 56H RATIO OF OUTBOARD WING N5_Vw4320

CU_MAL LOAD TU wing LIFT LOAD • ,F]_.8// 29X, _HOUTBOARD I llX,

D 2( HX, 4HWING) , 5X, IoHELLIPTICAL / CX_ 10HWING SPIN • 5X•

E 4HL]FT , 7X, 6HNOHMAL _ (X+ &HWING . _( 7X+ 5HPYLON) / _X•

F IoHCOOHDINATE , 3t 3X, 7HLOAD|NG _ 2X) , 2W_ |0HCOORDINATE
G 3Xt 7HL()A()ING //)

OQ 605 I=I,ININT

ALOAD(| ) • ALOAb(I ) / ALIFT

ALOAD(I+_o0) • ALOAD(I+200| / HLIFT

OUM = _LOADIALOAI)(I*50))

605 wHITE (6,606} ALOAO(I.50), ALOAD{I), OUM_ ALOAO(|-_50]_

A ALOAD(I*200)
b06 F_RMAI _H , 2F12.7, |PX, 3F12.7)

DO 607 I-I,ININT

ALOAU(I.|oo) • ALOAD(I.Io0) / ALIFT

O_N = FLUAO(ALOAO(I+I50|)

607 W_+ITE (6,_OH} ALOAO(l+lSO)t ALOAD(I+|o0]+ DUM

608 F()NMA] (]H , PFI2.7_ |pX, F12.7)

O0 OOV I=],ININT

At.OADl]'400) = ALOAO(I*400) I ALIFT

OI}W • EL_ADtALhAD([+450))

h09 WRITE (6,60H) ALOAD(I+450)_ ALOAD(I*400)+ DUM

O0 blO I=I,ININT

ALOAD(T+_o0) • ALOAD(I*5_Q) / ALIFT

UUW - FLOAE)(ALOA[)(l+550))

blO W_ITE (6,60B) AL_AO(]+550)_ ALOAD(I*500)_ DUM

DO bl] I=I,ININT

ALOADiI'_o0] • ALOAO(I'600} / ALIFT
OU_| • ALOAU(I*_o0) / CG
OU_ • ELOAi)(ALOAD(I*_50))

611 w_ITE 16,b12) ALOAO{i*650|t ALOAD(I*600), OUMI_ OUM

_I_ FOHMAI (tH t 4F_,_)

5_VW4330

5_Vw4340

5_VW_350

5_Vw4360

55Vw4370

55Vw4380

55Vw43gO

55Vw_400

55Vw4410

55Vw4_20

55vwa430
55vw4440

5_Vw_50

5_Vw_460

5_Vw_70

5_Vw44BO

55Vw44gO

5_Vw_500

55Vw4510

55vw_520

55Vw4530

55Vw4540

55VW4550

55VW4560

55Vw_510

55Vw4580

55VW45gO

5SVw_600

5_Vw4610

5_VW46_0

55VwA630

-e..

+ ,
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001 /U-2

ooi to2

0¢_I to?

OnlI/l

Ohl lib

OOl II T

O01 tZb

0017J2

001734

O01/J6

OOll_O

001/_3

O011_b

O01?bO

001762

hOl/b4

001756

OOl/bl

0017U3

OOllb6

OOk7/l

002005

OO2007

002010

002012

6n?01_

002022

0o?0_

002D27
002OJ0

002032

0020J6

002037
0020_1

700

701

C

C
C

C

wing wITH END-PLATEO VERTICAL FENCE AT THE TTP

O0 701 I=I,ININT

ALCAO(I*I5N) = ALhAO(I*IS_) * ALOA()(ININT_50_

ALCA_(I*35n) : ALOAO(I*350) * ALhA()(ININT*2sh)

ALGAU(Io650) = ALOAO(ININT'650) - ALOAD(I*65h)

ALCAU(I'W5n) : ALOAU(ININT*a50) - ALOADII-aSh)

ALCAO(I'550) = (-ALOAO(I*550}}

ALOAO(I*750} = ALOAU(ININT'750} - ALOAn(I.IS_}

ALCAD(I*_5D) : AL_AU(ININT*850) - ALOAD(I*BSh}

SS = ALOAD(I_INT*I501

• ALOAD(ININT,A50)

PI will. REPRESENT TOTAL LENGTH OF VERTICAL FFNCE
PO WILL REPRESENT TOTAL LENGTH OF END PLATE _N VERTICAL FENC_

Pl = ALOAO(ININT*_50)

PO : ALOA()(ININT*550)

INTEW_OLATE FOR WING LOAOING

CALL INTEST (15h, 851)

CALL TAHI. OI) (HS])

CALL I_TERP ( O, $5)

AL[FT = TAHLE(ININT)

CALL INT_;R_ (}00, SS)

ALIFT z ALIFT * ]_LE(ININT)

INTGWPOLATE FOR LOAOING ON VERTICAL FENCE ,

CALL INTEST (35h, 751)

CALL TAHLU_ (751)

CALL INTE_P (200, PI)

BLIFT = ;A_LE(ININI)

CALL INTEHP (3D0, PI)

6LIFT = H_IFT * TAHLE(ININT)

DETERMINE LOADING ON ENO PLATES

T • (ALOAk) t(_51) -

IF (T .GT, 0,0 ,AND. T

A

O0 721 I=I,ININT

J = 2 " I

K = J ,, l

TAHIJ) = ALOAO(I,550}

7_I_ TAH(K) = ALOAO(I,500)

CALL If'_TERP (400, PO}

CLIFT • TAHLEiININT)

DLIFT • CLIFT

CALL [NTERP (600, PO)

DO 702 I=I,ININT

O • i * 600
K =' I * _00

ALGAO(K) == (-AthaD(K))

702 ALOA0(J) • (-ALOAD(J})

ALOAD(ININT*5_O)) / ALOAD(ININT*SSo)

•LE, C|) ALOAD(fi51) = ALOAD(ININT*550)

- C2 • ABS(ALOAO(ININT*550})

59VwAGaO

59Vwa650

59Vwa660

55vwa670

5SVwa680

5_Vw46_0

5_vw4700

59vw_7[0
59Vw_720

9%Vw_730

55vw47_0

55Vw4750

5_vw_760

5%vwa770
S_vwa780

5SVw47_0

5_VwaAOO

59Vw4_10

5SVw4_20

5%Vw4B30

59Vw_s40

55Vw_HSO

59V_sGO

55Vw4_70

5SVw4H_O

5_VWAS90

55Vw4900

_SVw_910

5_VW4Q_O

5_vw_q30

5sVw4_O

59vw_950

5_Vw4q60

5sVw4970

5qVw_WSO

%_Vw&ggO

59Vw5000

5_Vw5010
5SV_5020

59Vw5030
5_vw_o_O

55Vw5050
55Vw5060

5_Vw_070
55Vw50_0

59Vw5090

5_Vw5100

55Vw5110

55VW5120

55Vw_130

55Vw51_0

59Vw_150

5SVwSI60

5_Vw5170
5_Vw5180

5_VW51gO

5_Vw5200

55vw5210
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O0_Obl

OOZOb3

OoZOb7

OoZObl

OOZOt3

00_073

OOZOI5

O02LO0

O0_LO|

00_|03

OOZe06

002133

00Z133

OOPIJ4

O0?IJ6

007L40

002|_5

CLIFT • CLIFT • TAHLE|ININT) 5_Vw5220

ELIFT = TAHLE{ININT} 5_VW5230

DUW] = ALIFT / ALIFT • PlREQ 55VW5240

r..'_2 = DLIFT I ALI'T • E':TRQ 5_Vw5750

DUW3 • ELIFT / ALIFT " ETAORQ 55VW5260

wRITE /6.703} {)UM). DUW2. DUM3 5%VW5270

703 FORMAT {IHI. lAW, 48H wING wITH ENO-PLATED VERTICAL FENCE AT THF T55Vw57BO

AlP // I_X, 4SH RATIO OF VENTICAL FENCE LOAD TO WING LOAD • .FI4.755Vw52gO

B / gX. 4_H HATIO OF INHOAHD END PLATE LOAD TO WING LOAD • tFI4.75_Vw5300

C / BX. _qH RATIO oF OUTHOAHD END PLATE LOAD In WING LOAD • •FI4.75_VWS1]O

O II 48X. 9HEND PLATE / 25X_ IOHELLIPTICAL , _W. 9HFND PLATE . 2X 5_VW5320

E , HHLOADING_.2( 3X, RHVERTICAL } / 3X. IOHWING SPAN , _( 4Xt 5%VW5330

F 4HWING , 3X) , 4Xt 4HSPAN , 5X, BHSTARTING , _(4Xt 5HFFNCEt _%) 5%VW5340

G / 3X. IOHCOO_DINATE . 2(3 x, 8HLOADING ) , I1H COOROINATE . 2X•

H AMOUTBOARO , 2X, |OMCOOROINATE • pXo 7HLOAOING //1

DO 704 I=I,ININT

ALOAD{I } • ALOAD(I } / AL|FT

ALGADII.200) = ALOAD{T.200} / HLIFT

ALOAD(I'600) • ALOAU(I.600} / CLIFT

D_JM = ELOA()|ALOAO(I'50))

704 WRITE (b_7Ob} ALOAD(T.SO), ALOAD(1)_ DUMt ALOAD(I._50)t

A ALOAD(I.600), ALOAD¢I*_50)• ALOADII*_O0)

705 FORMAT (|H , 7FII.6}

DO 70b |=I.ININT

ALOAO(I'Io0) - ALOADiI*Io0) I ALIFT

ALOAO(I*300) • ALOADII*300) / HLIFT

ALOAD|I.400) • ALOAO(I*400) / CLIFT

DU_ • ELOAI) IALOAD(I*ISo))

706 wRITE 16.705} ALOADiI.ISO}_ ALOA_(I.|o0}, DUM, ALOAD|I*_O)t

A ALOAD(I.400}, ALOADII.350)_ ALOAD(I'300!

_ETU_N

ENO

5_Vw_350

55VW_360

5_Vw5370

55Vw5380

55VW53gO

5_Vw5400

5_VW_410

5_Vw54_0

5_VW5430

5%VW5440

5_VW5_50

5_VwS4bO

5_VW5470

5_VW5480

5_VwS4gO

5_VWS_00

5_VW_S|O

5_vw55_0
55VW5530
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SUHPHOGRAM LENGTH

003065

FuNC!ION ASSIGNMENTS

STATEMENT ASSIGNMENTS

I00 - 000017 I03 ° 002205 I05 - 002244

200 - 000210 203 000240 204 - 000246

206 - 002262 208 002342 210 - 002345

302 - 002353 304 002421 400 - 000637

404 - 000717 405 000732 406 " 002427
410 " 002506 500 001121 503 - 002515

5n7 - 002577 509 - 002603 521 - 001167

600 001351 603 00%407 604 - 002611

608 - 002676 612 - 002702 621 - 001433

623 - 001461 700 - 001702 703 - 002710

HLOC_ NAMEs ANn LENGTHS

- 002420

VAHIABLE ASSIGNMENTS

AA - 002217C01A_SC - 000021C01ALIFT - 003047

HLIFT - 003n50 CG - 0o2407Col CLIFT - 003055

C2 - 002414C010ATA " O00000COl DLIFT - 003062

DUMI - 003051 DUH2 - 003056 ITUM3 - 003064

ETAIHU - 000014C01ETAORQ - 000015C0| I - 003044
INleT - nO0013COI J ° 003060 K - 003061

I07 - 002247

205 000254

300 000532

403 - 000673

4nR - 002503

_nS 002573

_22 - 001204

606 - 002672
622 - 001446

70_ - 003003

ALOAD - 000247C01

Cl = 002416C01

hUM - 003052
FLIFT - 003063

ILAST - 002413C01
LESS - 003043

NN

PIRE_ - O00016COl PL

SS - 003045 T

START OF CONSTANTS

002173

_'STANT OF TEMPORARIES

003006

STANT OF INDIRECT$
003022

UNUSE0 COMPILE_ SPACE

033_00

° n02237C01NTYPE - O00012COl ORD
" 003046 PO
" 003057 TAB

- O00103COI Pl - 003053

- 003054 POREQ - 000017C01

- 002237C0_ TABLE - 000165C01
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IUBROU[IN£ LOA0

iF TN£ VALU£ TRANSF[R

OF NTTP£ T_

_ | ZOO
_TART It_q:|NINT _ _QO

" _ _0_

t 4 400

$ $00

i 6 600

_ tOO

.%:o ,o,\
t

i

AL_ (l *150) : (-Ai.OA_) ( |*:'$01 ) [:1 e _¢'| ) * * * J [N[N

1

II ALOAO (1.4.50) :A/OAD (['*'450) 4"ALOAD (JNLNI'+I SG)
$$: ALOAO (5 $1 ) -ALOAD ( l N | N T+ $ SO )

A4._D | | *_SO) :AL_O ( |NIN[t_]I -AL_I_ (| t$_O) PL:ALOAD (| N| N/+ZSQ) -ALOAD (Z_|)

?

i

\ ._o.., / \ ., / \ o,ss /
I

( -W

|NTERP _ AL|FT:TASLE(IN|N_)$AL|FT _ |N)'_RP _'_-_ AL|FT:

( ............... "is,

• I'°, 1

L-_willtllli,iOllO_i _ Ir_ _ A6OAOII*IOOI.A6OAD(I',ZOOI/ii61RI _ WlITI /------')
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_ t

WR| TE'{6 e fLL_T]ALOAD (| _'I,_0) ,AI.OAD (|e19_0) eO_JN

I •

1=1, i|÷I i**- p|NIN

ALOAO ¢ | '_ 400) =AL_D ( l *400 )/At. IF T

OUN=E LO,_O (ALOAO ( 1 +4S0 ) )

MI_ I T r (6 _ lOT) AI.C_D (|+450) ,ALOAO (| _400) ,DUN

.L

Ai..C_D(t_'ZSD_={-AL@AD{I+Z_eO)) _ |:1 e1_1 t.o, , |N|NT

i ALOAD ( j , 7,.5_)1 : |_AL_I ( | 4. 7.5_)1 )

Ai.OAO (|_350} =ALOAD (IN| NT',, 3t0 ! -AI..OAD ([ _'3'_D) ALOAD ( | +_0) =ALOA0 ( |N| NT'*9$0) -AL.OA0 (| '.95F_i

A(.OAO ( _ • 7'_0 ) :Ai.OAD _ _ NJ NT+ _,$0 _ -ALOAD _ _ + 750
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L.<<.o..,,°,..<o.!-'_-] , \--_-++,_-,.,o-_-.--k{| ISS0 11AL.OACl { lNI NTi4_IJ I _ FOR

-- ' I Zl:i,l.i ..... Ill Ili T/ ._

[-;+-+--I

L_ &l,.i,,-;+iO II +6503 = AL(_IID il i+ili $l.i ) t'llLOAO ( 1NI Nl'i$$0)•_._= ALOAO ilg$I ) "kLl,._iiO (|NiNT+9_O)

P i =ALOA0 (INI NT+2S0) -AL_+_41,O (251)

P%,%_ALOllri I 1 I11NI't.6S0) -AL_0 K651 )

,_,,,-,,,-<>,,++,..+,+<+,,__,;<_--;+<,°,,<>,,,,_,
Int_$t _ tASLO0

6_o,1. I \ t_, / "
l \ / _ .......... d

____P_'RF_N .il, lltx,-ll, ll i_ [

INTCllt

, O.S.S / I

AI. i F I: TAIILI:" {INiNI)

INTERP _----_ALIFT:TABL_IIMINTi+ALJFI_,_

, 100,$$ / i

, ,,.,.,,..,.,7__+l NT_'I_P _ AI'I F It= i/SLi" ( l NI NT) +AL l F T ALl FT: TASI.E

• I;)0, is / , " _,, _)O0,S$ / L

lntere _ auirt:taSL[ lllil,tl +AI.IFT _ llil£sl _ TAliu(;O )-----]i

.oo._ / ' " _ ,,o.>_, / \ ,s. /

,( :,..

, /Penile o_l ,SuBii,_,l r i NL_ I

" \ zoo,., / L

(

8LIFT:TAGL£ (iNINT) i,+,Es,_ +,B_oo

IE

<<,,,:,+<,,,,+,, ....INT_.IIP _ DI.WI:aLiFT/ALIFTV,,PIRE@ IIRITr(6,ZI_6IDUNI,D U

+oo,,o / i O_,Z=CLIF,]*LIF,.p_.

t .iS'

...... F; ]

_._ .<>. V_i ..o.o,,..=,+<>.o,,..o,..<,., ,____+, / .|illll+ll..,IjM|N Ai.OAOiJ*6OI)i:AIOAOIIi6_Oi/CI. Ilri _ iiRJ[_

230



&6_Od)AI.OAO4|*$O),ALOAD¢J),DUW,ALOA0(L*_:50),ALOAO(A+_O0_oALOA0(J+650),AL _._ FO_; \_

_A0 ( | t 6L_1"I) " • ______1 e_''| ..... JN|Ny

[__ I '_.- ,/J _ ................
[ Ai,.OAO (| ** ).01,_) =AL'.,_O {| ÷ZOO) IAL |F"T WRIT[ (6 oZI0) ALOAO I[| +150) ,ALOA0 (J + 1L_0) oDUN

OIJd¢_.E L_O IAL_O ( | ÷ 1 $0 ) ) j

_ \ R_'PEAr TO ZlZ \ r

|=ITI*loo,*o|N|NT OU_=_'LOAD ( A LOAD d | 'P ._$ 0 ) )

p,,_] R

LOAD4|+8OD)/ALAFT BI °- ..............
T

i OtJN:_ LOAD (ALOAD (J +8._0J J kr_ | T£ 4_, t ZIO) ALOAD ( | '_850 ) _ALOAD ( J _800) ,DUN U
R

N

[ CONT|N_ I _ \ FO_ \ -- Ai'OA0(_+_0)= (°ALOA0 (|t"$$0})'At'OA0(|N|NT_'Z$0)

.... _ ........ J L _.OAO(I*4_O): (-ALOAO ([*450_)
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A_OAQ (ltllGI nALOAO II_LNT$I",0i -ALOAO (I_IS01 [ilFOIIN SU_tROdJII [iiFO_iiM S_Q_II

! _.,_L.o,o _l_lNl.SO_ _ JNT_ST _ rASLOO

L ,'.,LL_0,,S_, 1 \ S0.,,l / _ ,,, /

INTt'RP _ AL|rYSTASI.C(IN|NT) _ INT[S| _ |A_l._

0.s, / , . _ 4_o,,,, / \ ss, /

|NTfRP

400 .+o i / L

O_I=BLIFr/ALIFI'$PIR£_I WRITI[(60$_Z|Of_41 FOR

. |=l ,|$I. e,', I|N|N

ALOkOII+4i)O):ALOA_|I*IOO)II_-|IrT _ bil|l'£ ]A-----_I

OUI_ £ LOAO ,IAI,,.O_O ( i _,.SO ) ) ,_ _ '

T_' (6,_)D4) ALOAD || +$0 ) ,ALOAD (|) ,DUN,ALOAD (1 +4$0) .AI.OAD | 1.4GG) _-------_

T
It

To. ,\ !
|:t ,l_l , • .. _ |N|N AL_D (| +_0) : (-ALOA_I (|+2_ CI) )

I l / r� tALOAD(|.3,0):ALOAD(|NiNTtj,;O).ALOAO(|_.3$O )

___._,

l .
._ ALOAO ¢ ! *+$0 ) : I-ALO_D I 1 +6SO) ) _

. AL.OAD (|* T$_b) =k_._O (| N|NT$ ]'50) -ALOAO ( | $ T $0 J A_.OAD ( | $ 950) =ALOAO (| NI N [÷ 9501 -ALOAO (J * 9._0)

2

___ ilI£PI_A r TO 40_ \ q

T

l'.j

f,.
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_ &L_k0 (|4.$$0) =ALOAO ( | _$$0) -ALOA0 ( INI NT÷'*$0] 4. ALOA r_ (_51).._,= k LOAD {IN1 NT'_4S0)

P 1 =ALOe0 (INXNT÷ZSO_I

i PO:: A t.C_O (INiNT*6$0)

_ESS=.TRUE.

PERFO_N S_RO_J r i_

\ o._, / .

L£SS:.FALS4[.

PERFO_M SLIBR_)4./I|'N--_ /PERFORN SU6R_JrIN_

TA6LO0 _ |NlrER,

-, / \ °,- /

AL|IrT=TkI_.i'IIN|NT) I_ lP_I'ERe ,)----ti -j ILAST.(R.! _j I

' \ 100 ,SS / ,

LESS:.FALS£.

l /PERFORM StA3RO_ T l'k

|NT[RP _ ALJF,_:ALIFT_,TA6L[(|N|NT) _ Lr.,_. _ |NrERP

\ _,ss / , , ,.-.---.-, \ ,oo,s, / .].

I'ABLO0 _ ZNTERP _ INT£Sr

,,1 / \, ,oo,s, / \,, ,so ,,sl /)_ T_:soo

\. .o,. / ,
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|N|_'Rp

Ot_41=SLIFTIALIFI*PIR_,_ WRi T_" (6o40610UNI pOUNI

.oo.- / L
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i \
F_ _ AC_._O(l,ZOO) :ALOAO (I *ZOOJ/SLIFT

/L=Z .It • 1 ..... I.|Nr/ J ALOArz (| e600) :zALOAo ( | e 600]/CL |F'IrDUN.=_Lck_D (ALOA rj ( l e$0) )

4

r

1[ _L

k_._ AL_O ¢ [ * 1130) :AI.O_ED ( ! eZDO)/ALIF I"

1 OU_=£LO_D 6ALOAD (1 *Z $0) )
dRlTl:'lOe4|0)kLOk0i|el._D) fk, LOAOil_,10n) ,DUN_-.---_

i

.J.

_I_:PE:Ar TO 4|1 _

irOm ALOAD | | • 400) -" A LOAO ( | e400)/AI, i Ir T

• a t
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L-_zr£ce,4zoJMLoM041*4_o),4_o_ol;*400),O__
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A_OAOI|*_SO)zALOAO(|*LSOI*ALOAOA|N|NT*SOJ

ALO_Oi|*3S0)ZALO_kD||#3SO)'ALOA0(|NJNT_350)

A_OADI|tiSO):ALOADiJt4$O)_CG

ALOAD(i_SSO):ALOAOii*$SO)_CG
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/

_ , \ ._.E.,,o,o_\

I

_____ALOA0(|*550)=ALOAD(|N|NT*550)-ALOADli*55Ol_ALOAD 16511

ALOAO(i*4SO)=ALOAD(|NINT*ISO)-ALOAD||÷4$0) S._=ALOAD(|NJNT_4_O)

P1:ALOAD(]N|NT_Z$0)

.. ,,, I \ _,- I , -' _ .,1, / _ o.ss /

1 I 1_

IN;£e" _ AL;F r:*L IF'T* TA6Lr, l Ni NTI _ ;,T'_$ T _ I"ASLO0 /_
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klRJ T[ (6e507) ALOAD (|*l:_(_) eALOAO L[ *1(_,_) ,OU_q
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L .J t _
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_ ALO_O i| _$50) =ALOAD (|NINT_150| -ALOA0 {|N[NT$4_L_) -ALOA_ (| e_5(]J I _

]

ALOA n ( I+4 S0 ) =ALOAD (I N1 N T+ 15_) -ALOA0 ( I÷4 $_

I

I ALOAO (| _650) = ALOa, ID (IN| NT_' 5._0) -ALOa,0 (|_650)

_.%=A LOAD ( I N_ NT* G.50 )

LF_T_. FAL,.5_.

PE" RF_N $_RC}U T I_ . /PF RF O_N SL.Gi_Ol_JTl_'x

TA;_LO0 _ INTF_.P

ALJFT:AI.|FT* TA61.E (|N_NT)
_NTERP

4_0,85
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.... \ _, / _._ so_,ss.. / ,

7 _4_ REPEAT T0 607 _
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_._ F_ ALO&D ( I *403 ) = AL(_AD ( _ *400 ) /AL ; F T
O_=EL_O (ALOAO (!

/1::1 ,;. "1 ..... ININT/ I .450) )

\ REPEAT TO 610 \ _ ...........

I:1 =1.1 j , . . _ ININ[ OLJH=ELOAO {ALOA_ _L*_ J

@;:'PEAT TO 611 "_

J.

_;_t =AL_D (I*6OO) /CG __ _I rE (G,6;Z) ALOAO (|+G50) ,ALOAD (J*6G(_) ,DL_; ,_ UTO_t_I_EL_O (AL_D ( I "6_0) ) E

' N

\ REPEAT TO "/'01 _ ALOAD([*I_D):ALOAO(_*|'_n)*'ALOAD(_N;NT*'_0; l

FOR ALOAO ( I ÷_)5_) :AL_A_) { _ +'_'_ ) * ALOA_ _ [ N| N'[+Z_)_ )CONT LNU_
;--1,1$1 ,o ..tININg" ALOA0(I*650) :ALOA3 (I_LNT÷65_) -A_._AD (I÷6f0) +ALOA0(LNINT*4_0)

/ / l

ALOADlleT$_):ALOAD_|N_NTsT_)-ALOA_[|*Z_) _ P_:ALOA_(|N_NT*_}
i pO:ALOA_(IN_NT+_ )

I

\ _'o'" / k._ "!_ ......J k__.... °.:___.... J ' ............ --_
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350,?51 751\ '°°'" / ' ' \ / _ _.J

nLIF'I=I_LLFT* TAF_L((|N|NT)

J _

|= ,|N|NT

...Iv,

K=J_I _ lAB(K; :ALOAD([_,D0} _ |NT_RP _ C_FT:TA_Lt_IN|NI)
T_ ( JJ :AL_ ( I * $-_O) 400 _ PO OL[F I:CLIF [

,_o,o,,,-_o,o,,,,,_,,,! \7;_q/.
ALOAO (_'6_0) :AI.OAD II'600) /CLIFT r---_WIR|T_/"-_
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OAO,, +,o0,' ._]' " _'Z 1=-_,,_,.} ..... l.,.,/

A_,OAO (! +_0 ,_ ) :ALOAO ([ *lOO) IALIFT I _- • _--I _ RI /

ALOAO {I +400) :AL.OX_ (1"400) /CI|_'T

O_.[L.OAO {AL_O {|'150) )

241



b-

L_

",.f

L,U

C..2,

0

k_

L_

.D

,,Z

_A
If)

J3

L

242



>

Z

gD

_D

Z

_D

_J

_D

Og

_D

_D

_D

LD

r_

Z

O

243



Subroutine INTEST (If, JJ) (Deck 55VX). Subroutine INTEST tests
the data in the ALOAD array and modifies it, if necessary, to improve
the interpolation for loading. The last, and hence, largest element
of the dependent-interpolation array is tested. If it lies only a small
amount above the range of the independent interpolation array, it is
set to a value just inside the latter array.
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00000_

000OO4

000004

000005

0000_2

000027

BOO030

C
C

C
C

C
C

SuBROuTINE INTEST {Ix, JJ) SSvxooLo

5_vxo020

THIS SUBROUTINE TFSTS THE LAST (AND HENCEo LARGEST) CLEMENT OF 5_VRo030

THE DEPENOENT INTERPOLATION ARRAY TO SEE IF IT LIFS ONLY SLIGHTLY 5_VXo040

ABOVE THE RANGE OF THE INDEPENDENT INTERPOLATION ARRAY, IF SO, 55VXO050

IT 15 SET TO A VALUE JUST INSIDE THE RANGE OF THE LATTER ARRAY, 55VK_060

55VXn070

COMMON DATA{I7)o ABSC(50)t ORD(50), TARLE(50)t ALOAO(|O00), AA(16)5%VXo060

A • TAB(IOI)t GR, GPM21GPP2• CG, OMGP_ CONR, CONI, ILAST, Clt C?, 55VX0090

B C3, RI 5_VX0100

EQUIVALENCE

A I (OATA( 3)t

B t (DATA( 6)t

C • (OATA{ 9)t

O t (DATA{|2) t

E t (DATA(I_) t

(DATA( l)t A) o (DATA( 2), B)

C) , {DATA{ _)_ O) + (DATA{ 5), E)

F) t {DATA( 7) p G) t (OATA( R)o _)

AT) , (DATA(IO)o MODE) + IDATA(II)• NTY_E)

ININT) , {DATA(|3)o ETAIRQ) t (OATA(14)_ FTAORQ)

PIREQ) , (DATA(|b)t POREQ) I (DATA{|7)• GAMMA)

KK • ININT * IX

T • (ALOAD(KK) - ALOAD(JJ)) / ALOAD(JJ)

IF {T .GE, 0.0 ,AND, T ,LT, C3) ALOAD{KK) • AI_OAD(JJ)

k - Cl e AHS(ALOAO{JJ)}

R[TURN

END

55VXolIO

55VX0%20

55VX0130

55VXol_o

5_VX0150

5_VxOl60
S_VX0170
55vx0180

55vx01_0
55VX0200

5%VX02_0

55VX_220

5_VX0230

55VX02_0
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SU_PHOGRAM LENGTH
0000bL

FuNC{ION AssIGNMEkT $

STATEMENT ASSIGNMENTS

BCQC_ NAMES ANO LENGIHS

VAHIA_LE ASSIGNMEkTS

A_ 00_17C01ARSC

C3 002_16C0| DATA

ORO 000103C01 T

STAHT OF CONSTANTS

00003Z

START OF TEMPORARIES

O00U_3

STA_I OF INDIRECTS

0000_3

U_USE0 COMPILEB sPACE

0.3300

- 000021Co1ALOAD - 000247COI C] - 0h2414C0|

- 000000C01 ININT - 000013C01KK - 000047

- 000050 TAB - 002_37C01 TABLE - 000165C01
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L____T iu

SU_R,,._UT,[N_" _NTEST (_| , J J)

]:=, {ALOA_ (RR ,_ } IAI.OA0 (J J) .....
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_9

.,...

I--

_C

L

p-.

,.2
_C

uO

_3

,D
L_

t"-.

_J

Z

L_ZZ

__ _ _ _ _ -_ _ _ _ _
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_ LD

C._

:-:' Z

D <- D

c___, <,. L.,i
,2J -,4 i-,.,-

Q_

L_
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_r_ ,.rans,errec from the ALOAD array to _ne _ _rray by _his sub-routine.
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GOOOQ3

000_03
C00005

050O06
500007
0JO0!l

0000_3

000016
000023

0000_3

SubROUTINE TAC{LOD (INC) 55'_",,03"S

55VYO020
THiS SUBROUTINE SFTS UP THE !NTERPOLATZON A_PAY TAR IN O#D_;4 0F _SVYcoL_

INCREASING J._SC[SS_ ZLZ_ZNTS. THE SET-UP CONFO_KS TO 7H_ _Z_U[RE-$SVY00-.Q

ME_TS OF T_E STAN#ARD DOUGLAS INTERPOLATION aOUTINF :NS_. 55V'700_0

5%','Y60_3

CO_ON D_TA(17)_ A_SC(50)_ ORD(50)_ TARL_(50_, &LOAD(IOO_ AAC_6)55VY_070

A _ TAB(lOll, GP_ GP_2, GPP%, CO, O_GP, CONRt CON;I ILASTt C_o C2 5_VYooSO

B , C3o RI 5_V','COCO

EQUIVALENCE (DATA( I)_ A) 9 (DATA( 2; _ _)

A , (DATA( 3)_ C) , (DATA( 4)o 0) , (0A7_{ 5; o E)

B _ (DATA( 6)_ F) , (DATA( 7}_ G) , (DATAc A; _ H)

C _ (DATA( 9)_ A:) • (DATA(tO), _OD_) _ (D_TA{_) _ NTYPZ}
D _ (DATA(i2) _ IN]NT) • (DATA(IS)• ETA[RG) _ (oATA(14) _ ETAO_G}

E • (DATA{IS)_ PINEQ) , (DATA(_6)• POREQ) • (OATA(17}• GAmmA)

_4 a ININT ', INC

DO I I=I,iNINT

J " 2 e i

K = J ,, 1
L = N - I

TA_(J) '_ ALOUD{L)

i TA_(K) • ALOAD(L-50)
RCTURN

ENO

5SV','OtO3

5Dr'fOliO

55VY0120
55VYo:gO
5gVYoL¢O

5g'.'YO:£O

5_V_0170
55¢YOi:_O
5<';'/0:£0

hSVVO200

5SVY0213
5_VY0220

55VY0230

55V¥02_0
5SVV3?50

5_VYO260
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SU_OG_A_ LENGTH
O00Gwl

FUNCilON ASSIG_EkTS

STA:_NT ASSIGNMENTS

_;LOCK NAMES A_O LENGTHS

002_20

VcRIA_LE ASSIG_FKTS

,,A - 002217C01 _SC - 0000_IC01ALOwD - 0002_7C0! DATA - 000300C0_

: 000035 IN_NT - 000013C0_ J - 00003_ K - 0C03_7
L hO00_O M - OOO03_ ORO - O00103COI TAR - 002237C31

7_JL_ - O00ibSCOl

"'A_To, OF COr, STANTS

000025

L_-,J -,_,,-_,OF TEMPORARIEs

S';;,_T OF INOIRECTS

OOO0J3

UhoSC0 COMPILER sPACE

0_3_00
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SU_RO_7£_E TA_LO0 _£MCJ
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++.
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Subroutine INTER? (NN_ DIST) (Oeck 55VZ). The interpolation for
loading is set up by this subroutine which calls subroutine INSI to
actually perform the interpolation. The interpolation loop is some-
times halted before all of the abscissae in the dependent interpolation
array have been used, since the range of the independent interpolation
abscissa array is not always _dequate This is normal opeia_,on _or
subroutine INTERP, which stores as ILAST the abscissa element number
for which the range is first exceeded; _h_ interpolation may then be
continued with this element when new independent interpolation data
have been loaded into the TAB array. The results of the interpolation
are stored in both the AL_AD array and the numerical integration arrays
ABSC and ORD. The abscissae are nondimensionalized with respect to
DIST.

if interpolation is completed satisfactorily for the last element of
_;,: dependent abscissa array, t_,e loading is numerically in_eg;_aLed by
subroutine 17Sl so that loading, too, may be nondimensiona]ize_ in s_b-
routine ALOAD.
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O00QQ4

O00GQ_

ooooo_

O0O006

00002_

00GOZ5

000027
00O030
£C0032

00003_

000037

00C0_2

6000_5

600072

OOOG_2
GOOd/7

000102
GO01O7

060112

0C0113

o00_i,.

000114

00Ol_5

SUHROuT!NE INTERP _N_ . OTqT) _VZOjIO

5_VZOG20

THIS SUHROUTINS PE_FcR_4S THE ACTUAL iNTERPOLATION (USING THE 55VZoo30

STANDARO DOUGLAS INTERPOLATION ROUT:HE) TO DFTERNINE T_E DESIHEO 5_VZOO40

LOAD DISTRIBUTION 5_vzoo5o

55vz0060
COMMON DATA(17), A_Sc(50), ORDISo), TARLE(50), ALOAD_!OOO), AAIIA)S£VZO070

A , TA_(_O_), GP, GPM2, GPP2, CO, OMGP. CONR, CONi, _LAST, CI, C2 SS'VZO0_O

B , C3, R_ 5_VZ_oS5
55vZcIQo

EQUIVALENCE (DATA(I), A) , (DATA(_), 8) 55vZciiO

A , (OATA( 3), C) t (DATA( 4]t G) , (DATA( 5;, E) S£VZO:20

R , (DATA( 6), F) , (DATA( 7)$ G) , (DATA( _), H) 5_VZ_I30

C , (DATA(9), Ai) , (OATA(}O), MODE) , (DATA(I!), NTYPE) 5_VZoI40

D , (DATA(I?), IN_NT) , (DATA(13), ETAIRO) , (DATA(14) _ ETAORO) 5%VZ0_50

E _ (QATA{IS}, 9_N_} , iOATA(_6}, PORED} $ (DATA(_7}, GAHNA} 5%VZ0_60
5_vZGITo

IP = ILAST • NN • 50 5_Vloi&O

5_VZoz£O
TEST FOR _NITIAL INTERPOLATION VARIAHLE TO SFF IF IT _S SLIGHTLY Sgvzozoo

LESS THAN THE S_n_LLEST INDEPENDENT VARIABLE IN THE INTERPOLATION 5gVZ0210

ARRAY. IF SO, SET ThE_ EQUAL. 5_'¢Z0220

5_,VZ_23o
IF (ALQAO_IP) ,LT, TAB(2) .AND. ALOAO(IP) oGTo(TAB(2) " 5,0_C2}} 5£VZOV_O

A ALOAOIIP) _ TAB(2}
IQ _ ININT - ININT
C0 2 I=ILAST,ININT

J - '_ * NN

K = J * 50
A_G = _LOAC){K)

A_SC(1) _ ARG / OIST

CALL INS1 (ARG, TA_, OuT, 2. N_R)

IF (hER .EQ, 3) GO TO 3
_,-" (N,'-R .HE. I) u_ITE (6,I) NEW,;,NN,_LaST,A_G,,TAR(:Q)

I FORMAT (I N • 6gH_SUI-J_OUTI_',E INTZRP HER .HE. i

AST, ARG, TA_i, IQ) a , _,15,, 2Zl_,g)

ORC(1) = OuT - ALOAO(j)

ALCAO(K) = A_SC{I)

2 ALCAD(J) _ Oktq(1)
CALL ITSI iABSC, 0_0, TABLLL_ ININT)

!L_ST =: 1

_ETUnN

3 ;__AST : 1
_.F {1 .F_G° ;.NINT) _RITE( 6_} N._"R,,I._NN_ILAST.A_G_TA.-Si;Q)

RETL_HN
ENC

_£vZ,;250

5Svzc260

5_VZ*:I270

55VZ0?80
5_VZO2g3

%_VZOSOO
5_VZGsLO

55VZDL20

_5vZ03i_

5i_VZc_:,O

NER_ I, NNo ILAS_VZo3B0

5',VZc_3
5_vz_370

5gVZGzgO
55VZo350

5_VZO_OO
5_;VZO4;O
5_vzo_3o

5t_vZO_30
5_VZC....O

5_VZC4SO
5_VZ0460

.o
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5U_PI'_C_GR AM LENGTH

000212

FuNCTiON AsSIGNMEhTS

STATemEnT _SSIGNMENTS

I - 000153 3 - 0001_4

_LOCK NAMES AND LENGTHS

- 002_20

VAH_A_LE ASSIGNMEhTS

AA - 002217C0i ARSC

C3 - 002415CGI DATA

IN;hT - 000013C01 IP

K - 000206 NER

TA_ - 002237C0_ TABLE - 0O01b5C01

STAMT OF CONSTANTS
0001_?

STAHT OF TEMPORARIES

000ZO0

STAHI OF INO[HECTS

000L7_

U_U_E_ COMPILER SPACE

0_J000

- 00002!C01 ALOAD - 0OO24?C0! ARG - 000207

- 00O000C01 I - 000204 ILAST - 002413C0_

- 000202 I_ - 000203 J - 00G205

- 00021[ ORD - 000103C01 OUT - 000210
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Subroutine INSl (ARG_ TABLE_ OUTPUT,.NLQ, NER)(Deck 55VI). G. E,
Short of the Scientific Computer Programming Group completed this sub-
routine on August 13, 1963 for the Douglas Aircraft Company's subroutine
library. Subroutine INSI interpolates for f(x) in a table of x versus
f(x) having nonuniform spacing in x wi%h either linear or quadratic in-
terplation.
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006006

di)6006

h 1:] 0,J ;

O(,OOiO

C, 300"2

000016

0_10015

0<_,b',; 16

L;C 00d:_

000,,')2',

6',,#CZ5

0t; u,,,£ 7

60,,C-;C

0i 603b

C(,O0","

0000*5

O{,b0b0

OCOObi

GC, 00Si

0G0_b3

C

C

C

C

CI_,S1

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

SUBROUTINE INSI(ARG.TAHLF.OUTPUT_NLQ,NER )

THIS SUHROUTItAE WAS wRITTEN HY G. E. SHORT ON 8/13163 FOR THE

OGUGLAS SET QF _IANOARQ SU_ROUIINES.

I_SI IS AN [NTFNPCLATION ROUTINE - ONE FUNCTION

VA_[AHL_,:.E. _ s E(Xi - L_NEAR OR _LJAONATIc
AF¢OUMENTS OF THF _UB_OuTINE ARE AS FOLLOWS

A_G = INPUT INTERPOLATION ARGUMENT (X)

oF A SINGLE

5_VI0ol0

5_'v[n020

5_Vi0030

5_VInCA0

5qv ! 0060

SErVIa070

5 q v i 0 O H 5

5_V!OOqO

TABLE • T_E £ET OF x VALUES FOLLOWED BY THF Y VALUES 5_V

WHERE THE FIRST VALUE IS THE SIZE OF T_E ARRAY (INTEGER)5£V

OUTPUT

NLG

NE_ •

_ENCE, TABLE(1) _ THE NUMBER OF TARLF ORDINATES SqV

TABLE(2) _ X(l} 5£V

TAHLE(3) = FUNCTION(X(1)) 55V

T_SLFI_) _ X(2) 5£'9

TABLF(5) _ FUNCTI(INiX{2)) •ETC. 56V

INTERROLATE_ VALUE OF Y - F(X) 5_v

1 LINFAR _NTE_POLAT!QN 5_v

2 Q_IADgATIC IN_ERPQLATION 5gV

ERROR coDE 5qv

l " _NTE#POLAT;ON SUCCESS FUL S£V

2 _ OFF CHA_T LOW END, MiN VALUE SUAqTITIiTEO 5_

3 = OFF CHART _IGH END, MAX VALU_ SI}RSTITuTED

4 = NOT FNOUGH FNTQIES 30 INTERPOLATE

5 - X ENTRIES NOI IN ASCENDING 0RNER

NETHOD USED iS LAGRANGE INTERPOLATION

O ! ,vEi',S I ON TAHLE(I_0!}

EGblVAL. ENCE l NOFhT_, A)

A • TABLE ( I )

J = 3

IF_NLQ .NE. ! } GO TQ p

IF( NOFNTIR . GE. 2) GN TO ,_

1 NFN : 4

GO TO T5

2 IF( NOFNTN °LT. _ GO TO
IF[ ARG- TAHLE(2) ) 5,7,8

GO TO 70

7 ,hSi4 - i

GO TO 70

8 NOS • 2 'a NGZNT#

DO 20 f, - _,NOS,2

J - I + 1

_F" (TAdLE { i)

GO TO 75

17 IF'(T;:,.-;LEII) - ARG)20,7 ,3_

20 CC_TiNL_E

GG TO 70

3_ IF INLQ-!) 35,35,_0

USE LINEAR INTERPOLATION

lOlOO

!01!0

lhi20

I0130

I0140

InlSO

I C,'I (_0

16170

i0200

107.10

l (1220

-TAHLE(I-2))IS,15.17

SRVi0230

5%vlh2_0

_,gVlO250

56VI0260

5SVin?70

5£VI02_0

S_vln2q0

5£Vt_300

5£vl0]i0

5£v!o320

5_1o330

55vln34o

55v10350

5_VlqgBO

5_Vi0370

55Vin]30

5_','ia1¢(_

5£V:0400

5_VIG41O

5_,'i0420

£hV i h430

%_V ! _440

56'410400

55VIo4TG

5qVi0480

6_V10490

5SVI_500

56VI05!0

5_'VlO520

5_v10530

_Vlo540

5_v10550

5%VIOS_G

5SVI0sTo

35 OUTPUT _ TAHLEII.I)_(ARG - TARLE¢I-2))I(TARL_(T) - TAgLE(I-2))

I T;HLEi_°I) -(ARG - TABLE(1)} /(TABLE (I-2) - TABLE(1))
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000071
000072

000073

000075
000077

0O0L01

080106

0_0110
0_0113

"0001_5
O001Zl

ono135

ooo135

000136

oooI_o

oooi_I

use QUADflATIC INTERPOLATION

40 I : I-2

IF (I-4) 41 ,42,42

41 I : I ', 2

42 XAI = ARG - TARLE(1)

XA0 z AI-,tG- TAF_LE(I-2)
XAZ = ANG- TAHLF.{I÷2)

xol = TAHLE(I-2) - TARLE(I)

X02 - TAHLE(I-2) - TARLE(i',2)

XIZ = TAHLE(1) - TAHLE(["2)

OUTPUT = TAIILF(I-I)'_XAI/XOI o XAZ/X02 - IABLE(T_.I}*XAo/XoI*XA2/X_Z

I" TAHL_'(I.,,3)uXAO/XOZ o XAI /Xi2
NEI_ = l

GO TO 75

70 OUTPUT • TAbLE(J)

75 NF.TUHN

ENO

55V105_G
5SV!O5gO

5_VIOhGG
55Vi0810

55VlOb20

5%VI0_,30
59VI0840

55V!0650

55VIOhGG
5SVIO&70

55V105_0
55VIo690

S%VlG?OO

55VI0710

5_Vi0720
55V_0730

5_'.'L_750

5_VL.,7'?_

55VLC;'-O
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SUH_NCG_AM LENGTH

00020_

FUNCTION ASSIGNNE_TS

5TAIL_E_T ASSIGnmENTS

! - 00001" 2

7 - 00O0?b B

2,1 - P000_5 3_

- 000077 42

HLOCK NAMES A_[) LENGTMS

VAN_AdLE A_SIGNP_TS

A - 000172 I

N{_5 - 00017_ XA0

X_l - 00020; X02

STANT OF CONSTANTS

0001_3

STA.! OF TFMPONARIES

00h_

5TA_ OF [_01HECTS

U_IjSc0 COMPILER SPACE

0_3000

o00016

000030

000051

- 000101

- 000175

- 00_177

- 000_02

.%.

_5
35

70

J

XA1

Xl2

- 000071

- 000040

- 000053

- 000136

- 000173
- 000|76

- 000203

- 00002W

17 - 000042

40 - 000073

7R - 0O01_0

_OFNTQ - 000]72

WA2 - 000200
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S U,_ROU/LN_ |N$1(A@G,TA_,OUTPUT,NLg,N_@

_-_ TAI_'LE('_)-ARC_ - C_T_I_ _-_ _- GO TO ;'[3 2----1 :}____

L'_ .J
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Function ILOA.D. (X)(Deck 55V2). This function routine computes
the ratio of vorticity a: nondimensional span station X to the average
vorticity for an elliptical span loading. If X does not lie in the
interval

- C1 -< X < 1 + Cl ,

an error message is printed. The parameter C1 is computing machine
hardware dependent, and is roughly equal or somewhat larger than the
smallest number that has significance relative to I.
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000003

000003

000003

00OO10

OOO01I
600012

000016

0h0017

0o00_l

000026

000034

00003_

0000_2
0000_2

0000_4

FUNCTION ELOADIX) 55V200!0

55V20020

THIS FUNCTION COMPUTES THE RATIO OF VORTICITy AT STATION X TO TH_ 65V20_30

AVERAGE VORTICITY FOR AN ELLIPTICAL SPAN LOADING, THE SPAN_ISE 55V2hc_O

COORDINATE X MUST BE NONDIMENSIONAL RELATIVE TO SEMISPAN. 56V2c06C
55V20060

COMMON DATA(|7), ABSC(50), ORO(50), TARLE(50), ALOAO(IO00), AA(16)SqV20070

A , TAH(IO|), GP, OPM2, GPP2, CG, OMGR, CONR, CON(, ILAST, C2, CI

B , C}, R_

DATA FOURHP / 1,2732395 /

IF (ABSIX - 1,0} ,6I, CI) GO TO 2

I ELOAO - 0,0

RETURN

2 IF (ABSIX) ,GT, C|| GO TO 3

ELOAO - FOURBP

RETURN

3 IF (X .GT, 1.0 ,OR. X ,LT, 0o0) O0 TO 4

ELOAO - FOURHP - SQRT(I,O - X''2)

RETURN

4 WRITE (6,5) X

5 FORMAT (IH , 26M SUBROUTINE ELOAD(X)e X -

GO TO I

END

, EIB,B)

5_V20060
55V26090

55V20_00
55V20_0

5%V20120

55V20130

55V20_0
55V20_50
5%V2C_60

5%V20_70

55V20iG0
55V20tOO

55V20200
5SV202_0

55V20220

55V20230
55V20240

55V20250
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SUH_ROGRAM LENGTH

000011

FUNCTION ASSIGN_EkTS

STAI_ENT ASSIGNMENTS

- o00n]o 2 - 000012 3

S - O00051

HLOCK NAMES ANO LENGTHS

- 002420

VARIAdLE ASSIGNMFhTS

AA " 002_?C0_ ABSC

DATA 000000C01ELOAO - 000067

TAH 002237C0! TARLE - O001bSCol

STAHI OF CONSTANTS

000o_6

STANI OF TEMPORARIES

000057

STAHI OF |NO|RECkS

0000o7

UNUSEO COMPILER SPACE

043300

000O17

- 000021C_1 ALOAO - 00024TC01 C1

FOUHBP - Q00070 OR_

00O034

- 002_15C_I

- 000103C01
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02126168 L A O C SCOPE 3.10T 1211167

_3.54.40.$ 3755 CARDS READ -$$READ °PP I@7 SEC

13.54*40.$SEQUENCE,17020

|3.54.40.SjOB,9]3EG.

13.54.40.$TAPE,SCR=oo,OLDaoo,NEWmo0.

13o54*40°17020DN *PR'?600 TLIo0500 FL'077700.

[3.54.40*COMPILE,IT,500,77700.

13.54.41.ATTACH.

13°54.41oN_W REMOTE JOB

13°5_.41.HUN(S)

]3.5_.43.FILE OPEKEO ON DISK .... OUTPUT

I_.54.43.FILE OPENED ON OISK .... tGO

13,S5,25,MODEI,
13.55.20,COMMON(LIB)

_3.5_.26.RFWINDILI@)

13.55.28°COPYBF(LIR,X)

13.55.28.FILE OPENED ON DISK .... X

_3.55.33.REIURN(L[_}

13.55.34.FILE RETURNED -- LIB

]3.55.34.SET(o)

13.55.54. MEMORY IS ERROR FREE

13.55*55.LOAD(LGO)

13°50.03.LOAD(X)

13°SO*06.EXECUTE./RFL/

13.50.27.$$CP 024*813 SEC. (077700-FL}

_3°56.27.$$PP 028.00A SEC.

13.56.27.$$XX 133o380 SEC°

13.5b.28. _-" FL USED DURING EXECUTION "(062300)

13.56.28° _-- FL REQUIRED FOR LOADING "(072700)

13°59.34.FATAL ERROR 0084

13,59,35,$$CP 20_,711 SEC, (062300=FL)

13,59*35,$_PP 040,000 SEC*
13.5_.35°$$XX 146.799 SEC°

!3.59-35. CONTROL POINT a 5

13.59.35.DISK FILE OUTPUT " 0022551 002255 PRUS

13.59.35. DC - 0000_ LCIS _000025, FETA _062300

!3.S9.35.DISK FILE INPUT - 001102/ 001102 PRUS

13.59.35. DC - 0000, LC/S =000021, FETA "001146

13.5_.35.015K FILE LGO - 000530/ 000536 PRUS

13.5_.35. DC I 0000, LC/S =740031, FETA =000021

13.SV.35.DISK FILE X - 000]73/ 000175 PRUS

13.59,35. DC • 0000, LC/S =000021, FETA =000326
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02/2a/68 L A D C SCOPE 3.107 ]2/_/67

!3._4._0._ 3755 C_RDs _EAD -$$READ -pp _7 SZC

13.5_.4G.$SEQUENCE_7020

}3,5_,40,$J0£_91386.

I3,5_,40,STAPE_SCR:00oOLD_00tNEW_00,
13.5_.40.170200N .PR=?600 TL=o0500 FL_07?700.

;3.5_.40.CO_PILE,Ilt500t??700.

13.5_._I.ATTACff.

I3.5_.4I.NQw REMOTE JOB

13,5_.41,RUN(S}
13.56.43.FILE OPENED ON DISK .... OUTPUT

13.54.43.FILE OPE_ED ON DISK .... LGO

13,55.25,MODE|,

!3.SS.20.COMMON(LIN)

13.5b.26°RE_IND(LIB)

_3.Sb.2_.COPYBF(LIBtXI

13.55.2_.FILE OPEKED ON OIS_ .... X

13.55.33.REIURN{LIB}

;3.Sb.34.FILE RETURNED -- LIB

13.55.3_,SET(0)
13.55.5_. _E_ORY _S ERROR FREE

13.55.55.LOAD(L60)

_3.50.03.LOAD(X)

13.Se.oG.EXECUTE./RFL/

13°56.27°$sCP 024.813 SEC. (O?7?OQ_FL)

_3,Sb.27,S$PP 028,00 R SEC.

13,50.27.55XX 133,380 SEC.

13.56.28.e-- FL USEO DURING EXECUTION -(062300 }
13.5m.26. _-- FL REQUIRED FOR LOADING -(072700)

13.59.3_.FATAL ERROR 00_4

13.59.35.$$CP 20_.711 SEC. (062300-FL}

13.59.35.$5PP 060.000 SEC.

_3._9.35.$$XX _46,799 SEC,
_3.59.35° CONTROL POINT - 5

_3.5_.35.DISK FILE OUTPUT - 002255/ 002255 PRUS
_3.5_.35. DC : 0000. LC/S _000025, _ET_ =062300

:3.59.35.DISK FILE :N_UT - 001102/ 001102 PRJS

13.59.35. OC " 0050, LC/S _000021, FETA =001146

13.59.35.DI$_ F_LE LGO " 00053_/ 000536 PNUS

_3,59.35. DC = 0000_ LC/S =740031, FE_A =00002_

13.59.35.DISK FILE X " 000173/ 000175 PRUS

_3o5_°35. OC • 0000, LC/S mO00O21, FET_ m00032_
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Test Cases

To test all major computing modules of Computer Program 55VD, four-
teen test cases are presented. The input data for these test cases are
given in Table II. Reference lO contains a detailed description of the
data loading procedure for Computer Program 55VD. No special operating
instructions are required for the test cases. Table III is an index for
the answer listings of the fourteen test cases, and appears at the end
of the text for this section.

Program Operation Mode I. The first seven test cases are examples
of the program operation in the mode that determines the mapping con-
stants by electrostatic analog with iterative correction for Configura-
tions I-7. For Configurations I-5, the initial values of the mapping
constants have been measured with an analog field plotter. For Configu-
rations 6 and 7, the initial values of the mapping constants are taken
from solutions for Configurations 5 and l, respectively, that are
similar to the desired configurations. The two latter cases are ex-
amples of the idea that any method which produces values of the mapping
constants with small errors is suitable for estimating initial values
of the mapping constants for program operation in mode I.

The answer listing for Configuration 1 is typical of a success-
fully completed case for Configurations i-7. The first page lists the
configuration number, the program operation mode, the number of ordi-
nates used in each of the numerical integrals for geometry or minimum
induced drag, and the unscaled (input) and scaled initial values of _he
Schwarz-Christoffel mapping constants.

The second page of answer listing for Configuration 1 first pro-
vides a summary for the iteration that determines the mapping constants
accurately. The first line of numerical data gives the initial values
of the mapping constants, the errors in the required geometry conditions,
and the square root of the sum of the squares of the errors in the re-
quired geometry conditions. Below the first line of numerical output,

the correction matrix _Ci/_Pj is printed without a header. Below the
correction matrix are six lines (_he number varies from case to case)
of numerical data identical in form with the first line on the page.
Each of the first five lines summarizes the numerical results of one
cycle of the iteration. By definition, convergence of the iteration
occurs if e _ 3xi0-8. In this example, five cycles of the iteration
reduce e from approximately 0.037 to IxlO -_. The sixth and last line

of this iteration summary answer listing repeats the results of the line
above that has the smallest value of e; subsequent calculations re-
quiring the mapping constants use the values in the last line. In this
example, the last line is identical to the line immediately above it.
Below the last line of the "iteration summary answer listing, the final
values of the mapping constants are printed in exponential format. The
balance of the data on the second page of answer listing describes the
geometry specified by the final values of the mapping constants, and
also includes the results For the minimum induced drag integral and the
minimum induced drag parameter k.
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The third page of answer listing for Configuration l specifies
the required loading for the minimum induced drag. Given first is the
ratio of the gross load on the pylon or fence to the gross load on the
wing semispan. Then, tabular data specify the required loading on
both wing and pylon in nondimensional form. The elliptical span _,oad-
ing is given for the wing. The answer listing for each of the seven
configurations follows this basic form in program operation mode I.

The answer listings for the _ __s_ cases of Configurations 2-7 are
normal in every respect. Configuration 2 requires two pages of answer
listing to specify the loading on the wing. Relative to the iteration
for the mapping constants of Configuration l, the iterations for Con-
figurations 4, 6, and 7 are significantly slower.

Program Operation Mode 2. The seven test cases forming the second
group are examples of program operation in the mode that determines the
mapping constants by the successive solution scheme. The first page of
the answer listings does not give unscaled and scaled initial values of
the mapping constants for each case, as the unscaled values are not part
of the input data when Computer Program 55VD operates in the second mode.
The subsequent pages of answer listings described the solution for each
member of the series of configurations that are analyzed to arrive at
the final configuration, and are identical in form with their counter-
parts when the program operation mode is I. The iteration summary data,
the geometry data, and the required loading are given for each configu-
ration in the series.

For Configuration l, the input data of Table II specify a test case
geometry with pylon or vertical fence length _ = 0.08 and fence location
parameter n = 0.7 (see Figure 2). The initial values of the mapping con-
stants are computed for the degenerate monoplane equivalent configuration
(n = 0.7, _ = O) for which the potentials at B, C, and D are equal. For
numerical reasons associated with the calculation of the influence matrix

_Ci/_p_, the initial values of the mapping constants at B and C are re-
duced _y small and arbitrary amounts to separate them from the po_en_la.
at D and from each other. Each member of the series of configurations
has n = 0.7. The first member of the series has z = 0.04_ and subseqeent
members of the series for Configuration ] have L incremented by 0.04 re-
lative to their predecessors. The increment in _ between the final two
configurations will be less than 0.04 unless the desired value of _ is an
integer multiple of 0.04. For the test case, two configurations are
analyzed to arrive at the desired geometry with n = 0.7, and L = 0.08.
The answer listing for Configurations 2-7 generally follows the form of
the listing for Configuration i.

For the Configuration 2 test case, three configurations are analyzed
to obtain the desired values _i = _o = 0.08 (see Figure 2), as the pylon
length is incremented by 0.03 semispans between members of the series of
configurations. For each of the three configurations, ni = 0.4, and
no = 0.7.
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For the mode 2 test case of Configuration 3, the location of the
second lifting surface above the main wing _H (see Figure 2) is 0.3 for
each of the three configurations analyzed. The span of this surface is
incremented by 0.04 semispans of the main wing betweenmembersof the
series of configurations, and is 0.04 for the first configuration. The
desired value of s H is O.l s.

The test case for Configuration 4 has _i = Lo = 0.08 with mi = 0.4
and no = 0.7 (Figure 2). The lengths hi and _o are incremented nomi-
nally by 0.02 between members of the series of configurations. The
iteration for the mapping constants of the first configuration is an
example of a weakly converging iteration. The sixth cycle of the itera-
tion reduces # from roughly 9xlO -5 to 7xlO[ 5 with the initial influ-
ence matrix. The ratio of these values of e is greater than 0.5, the
critical value for Configuration 4. The answer listing shows that a
new influence matrix was calculated and printed after the sixth cycle,
and that the iteration converged rapidly with the new influence m_trix.

Four geometries are analyzed for the test case of Configuration 5.
The desired geometry is specified by n = 0.7,_ = 0.08, and r = i0 de-
grees (Figure 2). The first iteration for the m_pping constants is
another example of weak convergence. The sixth cycle of the icer_tion
reduces e from roughly 4.3x_0- to 2.ox,u- . _ne rat;o is sl;gi_tiy
greater than 0.5, the critical value for Configuration 5. A second
influence matrix is therefore calculated and printed, and the iteration
converges with this new matrix in one more cycle. The change of geo-
metry between the second configuration and the first is maximum, as
is increased by 0.03 and I" is increased by 3 degrees. Ten cycles are
required to achieve convergence in the mapping constant iteration. How-
ever, the change of geometry between the second and third configurations
is less than maximum; _ changes by 0.02, rather than 0.03, while the
change of r remains at 3 degrees. The third iceration converges some-
what faster than the second as it requires only 8 cycles. The change
of geometry between the third and fourth configurations is the smallest.
The parameter _ does not change, and r change by only 1 degree. The
fourth iteration converges in only 4 cycles, the smallest number of
cycles required for convergence in the four iterations.

The test case for Configuration 6 is quite similar to the test case

for Configuration 5. For this test case, ni = 0.65, no = 0.75, _i = 0.08,
and _o = 0.08. None of the four mapping constant iterations requlres the
calculation and use of a second influence matrix.

The test case for Configuration 7 is specified by _ = 0.08, _i = 0.04,
and _o = 0.04 (Figure 2). The starting configuration for the successive
solution scheme is not the monoplane, but the configuration specified by

= 0.04, _i = 0.01, and Lo = 0.01 since, for Configuration 7, the conver-
gence of the mapping constant iteration becomes weaker to the point of
failure as the geometric parameters become small. Consequently, the in-
crements in geometry between the neighboring members of the series of
configurations are also smaller than those of Configurations I-6, according
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to the relationships

_4 = 0.01 for _ < 0.06; otherwise, &4 = 0.02

a4i = 0.005 for zi < 0.02; otherwise, &4. = 0.01 (14)
l

_Zo = 0.005 for 4o < 0.02; otherwise, _Zo = O.Ol

Tile first iteration requires i6 cycles to reduce e from 1.2xlO -2 to
IxlO-8. The ratio of successive values of e is less than 0.5 for

each cycle so that a converged solution for the mapping constants is
obtained with the initial influence matrix. The second iteration con-

verges somewhat faster than the first as it requires only 12 cycles to
reduce e by a directly comparable ratio. The geometry differences
between the second and third configurations are twice as large as the
geometry differences between the first and second configurations, as
required by (14). The third iteration requires 18 cycles to converge.
The answer listing for the fourth iteration shows for the first time

a characteristic of the program coding logic common to Configurations
I-7 in either mode of program operation. Nominally, if e exceeds a
definite fraction (either 0.5 or 0.7, depending on which Configuration
of Figure 2 is being analyzed) of the value of e from the preceding
cycle, the convergence of the iteration is defined to be too slow; a
new influence matrix is calculated, printed in the answer listings,
and then, used for the next cycle of the iteration. However, this con-
vergence rate requirement is not applied to the first three cycles.
The fourth iteration for the test case of Configuration 7 is an example
of relaxation of the convergence rate requirement for the first three
cycles. The critical value of the convergence rate is 0.5 for Configu-
ration 7, and each of the first four cycles of the fourth iteration
fails this requirement. The second influence matrix is calculated and
printed after the fourth cycle, and the iteration converges rapidly
with its subsequent use.

A fifth configuration is analyzed for the test case of Configura-
tion 7. The analysis is unnecessary, and occurs only because the
desired geometry is effectively an integer multiple of the geometry
increment between members of the series of configurations. As a result,
one or more of _, L i, or 4o for the fourth configuration is less than
the desired value by a small round-off error. Extraneous output in
this form can occur for each of the seven configurations of Figure 2.
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Table III

Index for Answer Listing of Test Case

Configuration Program Mode Page
Number of Operati on Number

1 1 290

2 1 293

3 1 297

4 1 3O0

5 1 303

6 1 306

7 l 310

1 2 313

2 2 318

3 2 328

4 2 335

5 2 344

6 2 353

7 2 366
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Program OVERLAY Structure

Computer Program 55VD does not require the use of OVERLAY on
a CDC 6000 series computer or on a IBM 7094. Nevertheless, Program
55VD has been written to exploit the FORTRAN OVERLAY feature if it
should become either necessary or desirable to do so. Figure 5
presents an OVERLAY STRUCTURE FOR Program 55VD that saves consider-
able core storage, yet does not require excessive transfer of large
subroutines into core storage.
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Figure 2. Configurations Analyzed by Program 55VD
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Figure 3. Mapping Planes for Configuration 5,
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Figure 4. Overall Logical Flow of Computer Program 55VD
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Figure 5. OVERLAY Structure for Computer Program 55VD
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